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Digital filter using FPGA
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Educational Year 2006

Abstract

This report studies on the applying of digital signal processing for designing a fully
programmable digital Equalizer. The system operates by receiving audio frequency from 20 Hertz
to 20 Kilohertz and converting to digital domain by an analog to digital converter. The converted
signal will pass through digital bank filter, after that the signal in each band will be amplified
seperately, which is able to vary an amplitude from -20 dB to +20 dB. The amplified signal will
be summed together before sent to processing in the next stage or converted back to analog with a
digital to analog converter. System in digital signal processing are studied and designed in

Matlab and worked on Field Programable Gate Array { FPGA) IC.
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d 1 - W =N Y an 'i‘_l o o ﬂ ¥ o 1
Output AwRefudyanai lannisesmlasdineaiiveuraenduituaeaimrm
; W at = or c;

Reconstruction Filter (Low-pass Filter) tholsudygnaldisoudanslugilnz.2

A oD 4 Dis:rett:;]t‘imc & pic . p——
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/s 591 r o -

31 2.2 vienlassunsuvesssuulsznanadygiuainen
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2.2.1 dyanamuyhineritosmana

1u‘szunﬂszmaNaﬁfgmuwmLmu'lﬂeimﬁmﬁ'fyrg‘lmﬁ‘l%"luﬁznuﬁ%stﬂuf‘i’mmmmﬁ

' g = &  w o ' A o LRI & ar o
aetlonsuivaiu At ldndrmnuddedyapai lidedesdeidnyuzdgUd 24 Taoee
o v!;]n at d.'ll [N &4 g4 o 1 4 & o o A ] =
mulandgenunluaeiieniedyouamie o namilwudyanaideiiowsesi

1 [ »

szoznam sy luusazye Sonssoznamsfimduiiag 130N SYU(Sampling Time),
6ATINSGY (Sampling Rate)38429M15e{n (Sampling Periods) dFyeyraudihineiiiosemiso
°_ o ar . o ) o
BonfudWudayaa (Sequence Signal) A8 uazamsoouuny 18 waunisadamany

b 4
1dnarvquuudsse ali

R’ve

Analogue signat
sVl N \

-8V Signal samples
i I L \E&84 i 1 H 1 1 )
e LT by - AT I ISt T S8 /o
Sampling instants (nT)

510 2.4 dygareivaasdyqe ludeiies

n‘iuu"lugﬂwaﬁ:nf‘ffu (Functional Representation)
1,n=13
x(n)=<4,n=2 2.1)
O,n>4

Wonlug1ln131enKe4 (Tabular Representation)




=i o L2
wuu'iugﬂmﬂu {Sequence Representation)

x(n) = {..0,0,1,4,1,0,0,..} (2.2)
x(n) = {0,1,4,1,0,0,...} (2.3)
x(n)= {3,-1,-2,5,0,4,-1} (2.9)
x(n) = {0,1,4,1} : (2.5)

aumsh 2.2 uag 2.3 Wud ¥y Wiliga 91 (nfinite - duration Signal or Sequence)

dauauns 2.4 uag 2.5 Wudsuuuuiiyasn (Finite - duration Signal or Sequence)

dor o w4 a ¥
2.2.1.1 Hanvusuwadniarvn

o

Hinudaruntsi 2.6 uasiijildgyauagln 2.4

(2.6)

0, 0
50m) ={1 n#

n=0

§ o ﬁ-_w- 7 & .
71 2.5 Handuduiadniliniiov




2.1.2 Wanvuduniiamiae

[

flwdsaumsi 2.7 uoeiiplFygnadgli 2.6

u(r) = {O,n <0 @7

i,m=1

u[n]

I 11111

g 3 r/;'a 3 e v
5UA 2.6 Handudunilaming

2.2.1.3 Wansuend lnnnaioa

)

NmuAsaumsh 2.8 nasligdygruagui 2.7

xn)= Q" 2.8




. L,....,,,mnnhr'ﬂﬁll”””’

p
¢
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)

31]'7'; 2.7 Madduend Tnmudoa x(n) = Ad”
(@) a>1
(b) O<a <1
(c) -1<a <0

{d) a<-1




2.2.1.4 Wansuaed

fiomasaunsi 2.9 wesiipldyanadgai 2.8

x(n) = Acos(w,n+ ¢) (2.9)

#fr) = cor {2an/12)

il ol
M

xfn} = cos (8r/3Y}

|Il“‘]“'l[l'll['][r”l‘[[lll

itk

&}

x{n] = cos In/5}

L1

i 2.8 ﬂqunmf

ar = o ret
2.2.1.5 damnamuiinutesfyanawuylibing

deasmuuiaulidemaaunsi 2.10
x(n+N)=x(n) (2.10)

iiio N 8o Fundamental Period uazaaulidhudaaunisf 2.10 szfluddunuy luilaw

10




n=0 n=N-1

¢ NTs 3

— 3 J

3U% 2.9 dyapauviiniy

2.2.1.6 TYYIUTNIING (even) HAT INaUIINT (odd) -

ar

aRvdyauNTNesiu (Symmetric) lionudsannsii 2.1 J5dyanadagyi

29

x(—n) = x(n) (2.11)

x{n)
[ ]
‘:::TI IT:::::
-4-3-2-101 234
510 2.10 dygnaeinas
faudyanuii hiauninsiu (Antisymmetric) Ifiommsannish 2.12 gddyanuds

sin 2.11

x(=n) = -x(n) (2.12)

11




51U 2.11 deygpa hiruunes
2.2.1.7 msnsshvesdanauuy hideiieanianm

- prstaeudyanal

snionhmsnindyanud 1T oudvauns idfaumsi 2.13

yimy=x(n— k)

A o o
o s mudw

(2.13)

12




- M5UIN Mgl warmsmnadyanauyhinetiie

- msuIndyanu 2 Fyanu vse k dyapeudrdreiu s saunish 2.14 uas
Aumsn 2.15

y(n)=x,(n)+ x,(n) —w<n<o (2.14)

yn)=x,(m)+x,(n) +... + x, (n) ~w<n<w©o (2.15)

L=

- MgudYLIN 2 Ty I ¥5e k Ay IudIa0AuRaUNSH 2.16 uazaunIsh
2.17

y(n) =x,(n)x,(n) —~m<n<oo (2.16)

y(n)=x,(n)x,(n)..x, (n) —o<n<oo (217

¥ w o

- nsanadgapauiiuns S vnnadyapanszi dmsgaduanandiduainehiss

AUMSN 2.18

y(n) = Ax(n) —w<n<we  (2.18)

e A dhusnan

13




14

2.2.2 szvunui Iisiasioaniaan

suuuy hidaledivienlaozunsudsgii 2.12

il Ll

x(n} . :
M Is)lscrete-nme _ ¥n)
stem
Input 5131}5‘1 y Output signal
or excitation or response

i o o 4
3 2.12 vden leezunsuvesszuunyy hirowios

P o a & = )
e x(n) ﬁju ﬁﬂji}!‘}mﬂuwﬂ #3530 Excitation ﬂJB»‘liz'lJ‘ULl‘IJ‘U'hJﬂmeE]\‘I
as 7 - v oA
y(n) Lﬂu ﬁfyiy"ml@1ww1’| Hiv Response Mﬂdizvulluu1uﬁlﬂtu8~1

gl 2.12 musedouanyduiusseniudunasuemaldfsaunsd 2.19
y(n) =1[x(n)] (2.19)
l.ﬁ'ﬂ T l‘ﬂuﬁ’sﬂi 21 (Operator)
2221 vienlaezunsalfurashiszunhideries

» ' d”
Tuszuunpy lidesiosausounu lédu laezunsuasae 1k

- @ (Addern) Wdwmsvundugpaudidaodudegin 2.13

x,(n)

y{m)=x,(n)+x,(n)

x,(n)

U 2.13 uden Taezunsuniswanluszuuuvy hidewiss




o o

- AIuAIA (Constant Multiplier) 1¥qumnsisudagudegyfl 2.14

x(n)

a y(n) = ax(n)
> -

4 o “u B o 7 11 &
UM 2.14 vdon Teozunsudguash luszvunuy identes

o

- dgudaen (Signal Multiplier) 1¥dmiugadynnand&otudeguld 2.15

x,(n)

y(n) = x;(m)x,(n)
»

x,(n)

X

51 2.15 vden laezunsudgudyana lussuuu ludeles

- @MU (Delay Element) 19dmSumirndgygindgili 2.16

x(n)

y(n)=x(n —.I)

»

P

Z

314 2.16 vAenlaezunsudmizelussuulineile

»
e

- @@ mih (Advance Element) 1gdmudmuamarmihidiussvuasgli 2.17

x(n)

y(m)y=x(n+1)

Z

>

P>

v Ed [
51 2.17 vRenlaezunsudrdmihlussvuludoiies

15
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2.2.2.2 vilavesszuimuy lirenie

- S3VULDY Static (uszui Laifnvasa s iiaumsvees s uussaun1si 2.20
HazAUNTN 2.21

y(n) = ax(n) (2.20)
v(n) = nx(n) + bx> (n) (2.21)
& g Y oa - o ] v @
fiB) 1“1‘])’?]']6”1‘!1‘!11581817’]7!“ YYIHUIVLIDINBUN U

- da o o = ) w8
- 3TUMUY Dynamic sfluszuuwuﬂmummmuuwmﬂmtflusznmﬂmmmuunﬂ

mduwnyIaemiyminam ldud ) 1dlaumsvesssyudsaumsi 2.22 - 2.24

y(m)y=x(n)+3x(n-1) (2.22)
¥y = 5 x(n— k) (2.23)
(R g x(n—k) (2.24)

H . . g ° ¥ [N q
- szuunuy Tusaunaan (Time-invariant System) imuald Tidhussuylideilos
mifudumpvesszuu ) iueiynussszundsaumsii 2.25 dfimsmizedunmih
x(n-k) Suoiymit Tgnmize iy y(n-8) wwiRuafuBunadsaunis i 2.26 awnsoagyla

Jszunlineites T uszuu luaeiioiulsanaan
x(n)—— y(n) (2.25)

x(n-k)——y(n-%) (2.26)
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dnfonemymnn nizeomndimiansey

{a ] T o [ “y’
wozszunBuMgnmine Iy x(n-k) ud I ntmuessz o vty y om0 seuiudiy
52UUIMLIA U201 (Time-variant System H3© Time-varying System) sU% 2.18 uamfaetha

e oA - '
szuulisoleshutlsauaawas llulsamad

x(n) y(n}=x(n)-x{n ~ 1)

(+)

“Differcntiator”

x(n) Ry y{n) = nx(n)
x

“Time"” multiplier
\’j

x(n) y{(n) = x(—n)

- - T | AW L L/ “Folder™

{c)

x(n} N ¥(n) = x(n) cos ann Modulator
+ 3

€OS pn

()

4 Tr A 3 I
51 2.18 szvvhinodissmnlsanamas Lindsamam
(a) sEpULlTAmIA

(b) - (d) seuuh lulsanuam

72090
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- szvunwud adunashid adu
[ ] ;ﬂ'l = sy ar QF @
seuy hideiteanuuFuduszAoalinuanidaenndssiundnmsves msiudon
(Superposition) Asaun15#i 2.27 nFoofinel¥Ragui 2.19 uazszvvi lifiguantanenndos

AUNANNISYBS Superposition seiiuszuumn luiiFadu

tla,x, (n) + a,x, (n)] = a,7[x,(n)] + a,7[x, (1)) (2.27
X](’l}
' ¥(n)
T
Xz(’l)
a
x{n) ay
T
¥n)
x3in} —T—] a2
s 24 A

31 2.19 uamsszvu ¢ AuszvufFadu

P 1t Qi o ar o S s
n.mzszuuw'luuamﬁnuwﬁﬂﬂﬂt’i’mﬂuﬂﬁnmwmmwumau ‘nzrﬂu 53UUILUU1UL¥QL%‘N

- 32UUNVUU Causal Uaziiil) Non-causal
SLUVUVY Causal sz uUN a3 1R IR aLNITVOITZUVARITUMTN 2.29

y(n) = Flx(n), x(n— 1), x(n— 2),....x(n— k.. yn— 1) yn— 2),..,y(n— k)]
(2.28)

W) = 2x(n) + 4.5)?(:1 - 2)- 3pn— 1D+0.5(n—- 2) (2.29)

] L1 9t = o o = o
vzrtu Td 7152 U1 Causal szUseneudumpuduyailogiinounaluesn nie

s =i ' o‘.: o ﬂ o = ﬂ
Lmnwﬂuaﬂmmuu i$‘l]1l7|1lll UAIAUNTIN 2.29 921U UULDY Non-causal




- STVUHVVEDYS (Stable) uazszuvny Miadys (Unstable)
e o 3 Far oy = ] - o []
szun‘nmmwmﬂuuaqnvauvmixzt{'lusznmmmﬁnusmuszuuwmﬂmw‘n T

3 o L] =)
Yuvdunaszdlussvuuyy liedes

2.2.23 nm?emiasxuu'lﬁﬂ'mﬂm (Interconnection of Discrete-time Systems)
o 9F or =1 ar o ]
N5z 1A 2 dnvaefie HUVOYNIY (Cascade) ANTARAITUN 2.20 uaznuVILIY

(Parallel) AaUaAIAIFLIN 2.21

e A m R ke mm— e m A r e E A ——————

; 7
x{n)
—|_
: - 5
!
T,

gﬂv‘i ;.21.nm%"omiaszuu"lﬂ%;ﬁ'munwmu
lumsifeudeszuudsyili 2.20 Sowiuaumsdaammsi 2.30 - 2.32
n(n) =1, [x(n)] | (2.30)
y(n) =7, [y, (m)] (2.31)
wnuersntsi 2,30 aaluaunisdi 2.31 92 WRouns ymdeaunsdi 2.32

y(n)=r, {rl [x(n)]} (2.32)




dmuald ¢, = 7,7, 9218 y(n) Remumsii 2.33

y(n) =z [x(m)] (2.33)

Ot ﬂ‘. or < 1 ar :’ J
unzdiimsaduiissuy 7, MU 7, yn) sedidulfouashiFuiuSsagy 185

0T, #I,T, (2.34)
dawnmsifeuaouvyuumi@ouduaums 188saunis s 2.36
i) =y (n) + y,(n)
=7, [x(m] + 7, [x(n)]
= {7, +7,)[x(n)]
(2.35)

=17,{x(m]

&
ez, =1, +1,

o ' ryooA ) v
2.2.24 m'5mﬂswmzml'luﬂmuammuwammsazuﬂsmunm

- Resolution of a Discrete-time Signal into Impulses

Fognawuy luderisdlaqauisadouunulugilues impulse TArudegilfi 2.22 (b)

Wowduauns 18feunis i 2.36

x(n)y=0(n—-k) (2.36)

uazzih 2.22 () WouldRsaunish 2.37

20




x(n) =x(k)S(n—-k)

AiugUA 2.22 (a) Aouunu lddeaumsi 2.38

x(n)= i x(k)o(n—-k)

k=—x

(2.37)

(2.38)

x{n)
1 ":Iélo!il"rxflxl 1e1
) (k)
8tn - k) P~
B 6 > i ! O
)
x{k) bin—k)
o _.. . - k .
= » » <
(c) x!k} i

31 2.22 msunudyanuiuy lideiealu gy mpulse

- Convolution Sum

v ot (K] Y o - ow o d
Wumswausamsenhadyananuylureiies x(r) furanoususImduiad

voaszvy liaeiiins At @ouldasaunsh 2.39

Y= h(kyx(n k)

k=—c

3 - e d [ y
e A(k) fio HanouauoINBNN AT Vet UL inetiios

x() Ao dyaamuy ludeiio

(2.39)

21
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-3 9 as o . a 5
glﬂu‘lﬁ"ﬁﬂﬂ'ﬁﬁ"ﬁiﬂ'jzﬂﬂllﬂ'ﬂ Causal N15%1 Convolution 91 UENNI5H 240

y(m) = g (k) x(n — k) (2.40)
18NYINTIAUNS Convolution anseidion 1RBAuUYMiTsdeaunIs? 2.41

y(n) = h(n)* x(n) (2.41)
- Commutativc.z law

x(n)* h(n) = h(n) * x(n) (2.42)

Weuduvion laezunsulddegli 2.23

xn) yom ki
hny Sananils] LE ¥}

31 2.23 quani@nisadun

y(n) = x(n)* h(n) (2.43)
¥(n) = h(n)* x(n) (2.44)

- Associative law
[x(n)* b, (M]* b, (n) = x(n) * [k (1) * b, (n)] (2.45)

Weoudluvdenlaozunsuldnegi 2.24




23

0 b T PO <o ]
(2)

ELY o | P <> 2O ] e P
®)

31]?; 2.24 f}m-ff;ﬁaﬂ’lii“fﬂﬁfiu
- Distributive Law
x(m)* [ () + by (M] = x(m)* (M) + x(n) * h,(n)  (2.46)

Aowdluvudonlaezunsulddsgii 2.25

hy(n) _ -
x(n) O oy hm) = ¥n)
_ By(s) + byln) i

h_z(ﬂ) ‘

31l 2.25 puaniidnisnszow

2.2.3 z-transform
nsutaanan (z-transform) voIdyn A lussmissansatinueygluzilvosoynsy

w . ar 4 1 ¥ ¥ .
2UURN (Power Series) 1ﬁ.ﬂﬁﬁuﬂ13ﬁ 2.47 !?Uﬂﬂ!.lﬂ'l'iﬁ 2.47 {1 msulaurauuuase (Direct

z-transform)

X(2)= ix(n)z'" (2.47)

n=—e0

die  zifudwalsiFedou (Complex Variable)

x(n) Lﬂuﬁﬁuﬁ' 18t (Sequence Signal)
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uAd T Causal System nisutlasusavesdoyanud ludoiosamnsofouldd

I8 . ¥
aumsn 2.48 50NAUNITN 2.48 ﬁ’h One-side z-transform

X(2)=) x(n)z™ (2.48)
n=0
ar ra "‘ =3 iny lj or
msinasnaevesdyananuy ludediesusadouunu 1édnUuuuniisdeaunis

'l"’; 2.49
X{(z) = z{x(n)} (2.49)

] o v of A v fw o
uezvINguNTh 2.52 uaz 2.53 semuldlmamsuilousa Afoeynsuoiud aniue
{ ¥ 1 ﬂy =
fin z I X2) midnev 1A50n#1 2 1131 Region of Convergence (ROC) Tauf z flaziim

9 o 9
vﬂumuaumwau
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Enmry z- Transform Region of Convergence
Discrete-time Sequence ,p
Number X(2) of X(z)
1 o[n} 1 All
2 u[n] —1———17 I:l >1
1
3 —u[-n—1] — |:] <1
- All z except 00f m > Q)
4 S[n—m] =
or ¢ {if m<0)
i
5 a'uln ~ z|>|a
[7] %= [l
. 1 2
6 —a"u[-n~1] 5 |z| <al
l—az
-1
a-
7 ” —— Zi > |a
nau[n] A=) l , l I
8 —na"u[-n—1] ——(E:_;""; |2] <]al
(l-a:
1-[cos w0]z "
cos i uln - z[>1
? [ 7] 1-[2cosm, } " +27 ' l
: [sin @0]:™ _
s anjuln ~ — z>1
10 [sin @] 1-{2cos@, ]z +z7 g
1-[rcos@0)z™
" coswnhdn - 3 y>r
1 L ] 1-[2rcos@, ]z +12z7*
_ [r-sin @0]z"
T sm@gn uln ~ — z[>r
12 [ i) 1-[2rcos @, )= +1°27 | l
a’, 0<n<N-1 1-a%=% _
13 ] - |‘| >0
0, otherwise l-az

115197 2.2 z-transform ve3dgaauu hineiios




2.2.4 HINIoIAIN0A

Ansesasnoanseon 1Al 2 ¥iia Ao

- AInsesAvaoauuuen lee1y (FIR: Finite Impulse Response Filter)

- dnsosntanauvylolents (IIR: Infinite Impulse Response Filter)

) = =3 ar ¥ o P
mmmsmﬂiuumwnu'lﬂmmswn 23

FIR

IR

=3
YafalH]

Yerdios

Transition band ne

Transition band (IAY

Delay 3710

Delay Yoy

nanouausuFaraiuFudu

¥
HoRBUTUBUTIWaAHMNIUTS

Tyausunauennsiamiion

TygusunuInMsilaayuin

Ripple 40

Ripple 1oy

M99 2.3 ulSvumoudnseudauay

o J or = A or ]
11]‘1?]'50\711113ﬂﬁW?ﬁﬂi%ﬂ?ﬂﬁﬂﬂﬂﬂﬂﬂﬁuUU FIR 90903 09A%0auUY FIR i

#HarFun1sa1wTeu (Transfer Function) Haumsguasniadeaunisi 2.50

ymy = 3 H(kyx(n - k)
k=0

o ' . o <
@ouldogluuan Tanm (z-domain) TaAsaun1sn 2.51

y2) =¥ h(R)x(z)z™

k=0

wiolou Idaglugivositedduniolouss 14

H(z)= fh(k)z"‘

k=0

(2.50)

(2.51}

(2.52)

26
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Y(2) = h(0)x(2) + B(Dx(2)z™ + W(Dx(2)z72 +...+ h(k)x(z)z™* (2.53)

vinaumsh 2.94 susoir lhdoudiuTassada 188 egud 2.26

sofrmen (1 — 2) x[n = (N~ 1))

— 7!

x(n) [ x(n - 1)

h{N-1)

y(n)

1 2.26 Tnssadnvesdansousauny FIR

-}

fnseuduny FIR fautudnsouousinos@W (Non Recursive) tilosn1nluinms
¥ L)
Hounduannadiu Output HaTUENIINTIRINTBUTIAY FIR seliguauiaoudni
3 ] 4!‘! =4 o o
1. wwseadi iddwdiedivuduanseanny IR
2. TnmodianisneuaussmaadiuuuuiBadu (Linear phase)
o a &dd e o = ra & s @ 3 @ et
1. funlsz@nFadaonmsdnoauseia hivuwilvih Ifaunsoaunzhoulda
vy mdsEulananuURNALENAIN (Fix-point)
4. INTOUTUAY FIR 921arG0IN (Stable) tiueu tlesnni Inasgiigaduila
{Origin) YUTSUTLILLLEA

NTUITUNTS
wWn)=x(n— k) (2.54)

dovmsudasySestuaunsf 2.54 9214
Y(jw)=e " X(jow) (2.55)
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fhedraazld

Y(jw) _ SN - jokT
__—-X(ja)) =H(jw)= (2.56)

VINTUNIIVTTMVUIA (Magnitude) AU 1 uaziiadaaunisf 2.57
Hw) = -wkT (2.57)

H é a 1 t [
uaznansi 2.57 Fuifuaumsveardaauis o lumamiaengy Group Delay) I¢Tas

o s o { r= ar " ] ] as {
MMswieyWuTauMsH 2.57 disuiy sgldaumsvesiiminingudsaunisi 2.5

3 d{~akT)}
dw

de (2.58)

®=—-kT (2.59)
vnaumsi 2,59 suiuldhdinseaFuey FIR dwanevruesmamamduuuwds
3
@u AndudnseaBuay FIR Ssgnihl1Fnusienhavns dedrediasy nsdszuana
o - o as o
dygnoudos msdszaradyaisnn warmsilszinanadayananmamsuwnd dudu

uazdimvuaaunsnanauTussman alvy Taoswmunly

kT =a (2.60)

O(w) = —aw (2.61)
-] 3 1 T oas
ﬁsamm‘uamamﬂ'uz'rummamlmmnu

G(w)=f-aw (2.62)

dio 8 ilusined
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¥
o o (] v t = P
g’lﬂ?ﬂiﬂﬂﬂﬂ\‘lﬂﬁﬂ"ﬁﬂﬂﬁﬁuE)\!T'I'l\llﬂfﬂlﬁ%’ﬂTﬁ‘Ll'Nf'lf]ﬂlﬁuilﬂﬂl‘lﬂlﬁ,ugnuﬁﬂﬂ'liﬂ
50 - = a o ar o
2.61 leﬂlﬂﬂ'lﬂﬁﬂﬂ‘ljﬁuBﬂﬂi.lwaﬂ‘l]ﬂﬂﬂ'iﬂiﬂﬁlﬂutlﬂﬁﬁﬂﬂ'lﬂ'iﬂ?ﬂ {Positive Symmetry) A4
P < < o
TUNITN 2.63 LIDY 2.64 ‘ﬁ\‘lﬂﬁﬂﬁﬂ@l}ﬁuBQTn\IlﬂfﬁlBlﬂuﬂﬁf{‘ﬁu‘ﬂﬂﬁﬂ'ﬂﬂﬂ'n@nﬂSEN (Filter

Length)
Br)=h(N— n— 1)@ n=0,1,...,(N- 1)/2uaz ndui (263

N-1 4 f "
o= g—z—l nh= 0,1,...,(% -1) une » Lﬂu@ (2.64)

3/ St w = Iy o o
Llﬂzﬂ'lﬂﬂl.ﬂﬂ'illNﬁﬂ'ﬁFlB‘lJﬂuﬂ&ﬂ‘NMﬂﬂdﬁllﬂ’l‘iﬂ 2.62 %$1ﬂﬂﬁﬂﬂﬂﬁuﬂdﬂnwaﬁ

vasrnseuiiunuvauIasay (Negative Symmetry) AITumMIf 2.65 uaz 2.66
A(ny=— A(N-n— 1) (2.65)

L") (.66)
2

Tou N luaunsf 2.63-2.66 ifusnaudwuvesdnioauas 0 < n < N -1 dariudh
N =7 9218 K0)=h(6),h(1)=h(5),1(2)=h(4) uazfr N = 8 3218 A(0)=h(7),h(1)=h(6),4(2)
=h(5),h(3) =h(4) uaz MU 2.63-2.66 mwsosimudoudiunswl 18aagUd 2.27




T Centre of symmetry
' (N odd. positive symmetey)  n = 13 (odd)
1 I l l 1 i -
0 T2+ & sJurlaz o
:
:\\K Centse of symmetry
: {N even, positive symmetry)
: N =12 (even)
|
l
g 2 I 1 l 10 ¢ =
o |1 4 6 R >
L%

Centre of symmetry

N add, negative symmetry
( gative symmetry) o

\

Centre of symmetry

{N even, negative symmetry)
7 N = 10 (geven)

(=1
)

6 5
[Tt %

U e —

- NP S N N
51 2.27 uanransumuasduRadveamFuduvesdinies 4 viia
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2.2.4.1 MSOONUVUAINTDIRINDAUUY FIR

“’1 sf‘mw o L o . . o ES =
VW LYITWISUIYTE {Fourier Serics) mmmsaammuwanwgﬂw 2.28

Hy(w) A
1
] ] -
—=2n ~w. 0 o 2n o (normalized)
(a)
hn(n%
I '.\

! \
/ \

/ \

s 6 ; 5
R b ats e T

(b)

Ul 2.28 warmeroasyauBNURIAZHARB L BB

(2) UAAINITADUTUBININDVIIAINS DAY Low-pass IUNIGAUARA

a w o ar &
(b) HTAIHBADUALDIDUNAAUBIAINT BALVY Low-pass lumaiia
qs e o 1 = o
AINTOIVUNARDUAUBIMANND H (@) dNTaMIANARDUTUBIDUNWDT A (n)
o o o o =1 ar 3
1Annanuduiusvesnsulasnduvesusfenisi 2.67

hy(n) = ﬁ [H y(@e’do 2.67)

- i & o o
W%'I‘iiu'lil‘lﬂzﬂﬁ 2.28 FutunTIHIEAINITADUAUDINNUDYBIRINT DAL Low-
& o & - & 4 < ¢ .
pass Falnnudan-oav fie a, lau @, u%xtflum'luauamaa"lam (Normalized Frequency)

é Ll o d'
FHUARITUAIIN 2.68
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f=== (2.68)

lay £ Ao AnmdAn-seWusiuealad (Normalized Cut-off Frequency)
f, Ao ANUDAN-DOW (Cut-off Frequency (Hz))

f, ) mmﬁq’u (Sampling Frequency (Hz))

(-1 T v & . 1 o [ q’;’ 1 s o’.: 1
VNI HIsU AN H (@) sziifiminy 1 Tushs dwe -, WA+ @, AU

a e d P P
VOIHANBU AUBIBUWATUDIFUN 2.28(a) 9z v TAvINAUA1TH 2.69

PG/ B 17 =
hy(n) = ¥ _;[1 xe'dew = —2—;_;&3’ do (2.69)
hD (n) = 2x—sgl_(m_fﬂ (2.70)
L), = L) @.71)
m

g | o o o -‘: [ : 4 °
Eﬁﬂ\iﬁ]'lﬂﬂ'lﬂﬁﬂi}ﬂﬂuﬂ\1Elil‘Wﬁﬁuuaﬂ’]’mﬁlﬁﬂﬂiﬂuﬂquui'ﬂﬂ'ﬁﬁ1ﬂ1ﬁ$7|1ﬂ1§ﬁ1
A A o o o 1 & w d o 1 o '
OIS INTINNDAIR D79 5’1€l‘ﬂﬂﬂ1iﬂ1ﬂﬁﬂﬂﬂﬁuﬂﬁﬂﬂwaﬁ =353 MM » adla 0
=2 1 r = u’: e 3 & ﬂ o
UOI 26 AIUAT -1 THUDI 26 uu'hﬁl'll.ﬂ'lﬁlﬂd}"l'lluﬂﬂil'lﬂﬂ'}l'llll UAUUIATHULDY
o < = = ad 1 A4 = 9
AINITOITHAVILY FIR ‘l]SHNﬂWﬂﬂﬁuE)Qﬂ'lﬂﬂ')'mﬂtﬂulLUUQﬂHﬂﬂﬂﬂBlﬂﬁ]ﬂﬂ'ﬁﬁl‘H
o o o o w o ¥ o s 4 ar =
ﬁ?ﬂﬂﬂi%ﬁﬂﬁlﬁuﬂuuﬂ llﬂiNWNﬂQUWNﬁﬂ‘l‘iﬂﬂ'Uﬁ'uEN‘IﬂNﬂ'J'lﬂa‘UENﬂ'Jﬂﬁﬂx‘iHNlﬁ‘UluJ‘U
=t ] . = ‘-!!‘ 9 g a a e ow o a W o &
FIR 92UMinIginay (Ripple) InAvu ddwududszansiialesnisi lvdinanssweuuin
] or o oo J 1 o L] A o & o o o
lmfﬁ"lfl'llﬂiZﬁ'ﬂﬁll"ll'l'u')'Llll'lﬂ‘ﬂuﬂﬂ:ﬁ'ﬂ‘ﬂﬂﬂ'lﬂ'ﬁﬂixlWﬂﬂﬂﬂﬂﬁ\i“ﬂﬁ5]3”Nﬁ1ﬂﬁtﬂﬂ§ﬂﬂﬂf‘lﬂ'l5

a‘ - é’ o 4
ABUTUOINNNAMIgANAALINYU Asuaatugii 2.29
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IH l(ﬂ’)l

|Ho{ )] A

_—

1
i |
§ |
| |
N 1 L W -
—{U, @y o o
(b)
[H) |
-, 0 o, ’a)
(c)

1l 2.20 HEAAIHANIIABUTUDINITND
- Q( o
(a) durlizon 13 /2
(b) dualszamg 25 /2

or = =4 o s
(o) Sulszanfiiluoiug

s oY ‘Q:I =Y
2.2.4.2 M30BNUUDAINFBIAINBANUY FIR daeiantuduind

A Y A - v = st WY
1wa1ﬂﬂﬁﬂ1iﬂﬂ‘uﬂuﬂQﬂ'J’]llQ’Jﬂ'ﬂﬂgiﬂfNﬂUNﬁﬂﬂUﬁUfJQﬂ')1Nﬂ1UW1\1QﬂﬂﬂﬁﬂQ1ﬂ

'

= Y o o a4 o o o q" o o’ oy a.‘d. a

imsdudadtmaudtlgmisomaidulseing  hy(n)  wguiududszdnionaanis

ar a o dyd - as a Lo [

SulssAnTAaiinAe w(r) 138 Window Function Haft ldninnisguesiudulszdnidalni
& ar o = & . o = o

nio A(mFanmauisednd  A(n) UGoANM m3ym laoldfanruvesiulad (Window)

AUNTVDI A(mUEAL IR 2.72

h(r) = hy(n)- @(n) 2.72)
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] 1Y LY J 1 ar 1 <,
U9 w(n) mmiﬂm"lﬂnmm'ﬁqmagnum'lm’faamwmé’aammuﬁ?mﬂam%ﬂz

Y - i [l a  ar 3
IHHAN1TAOUAUDINTIVLNAUAZNAABLAUBINTS Impluse AuanAAUAIaRslugL# 2.30

Hole) §

o

wie |

AR

e

|H{w)

(a)

(b}

holn) |

A

S
C o

win)

O_-——H—*

H{n) = ho(a)n (n)

—_— b —_ e —

gtl*n 2.30 uﬁﬂqwamwauaueaﬂ's’mnmuﬁanﬁsmuim

» i) »
wenuIniiaunsRldHIa1 () veumaziitwanaenudde Uil

- isaununans Iu a3 (Rectangular Window)

w(n) =1

- muﬁﬁuiﬂf (Hanning Window)

w(n) =0.5+0.5 cos(g-ﬂ?—)
N

- uanﬁﬁuiﬂf (Hamming Window)

w(n) = 0.54+ 0.46 cos(g%]




- nvanuuuiulad (Blackman Window)
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2
w(n) = 0.42 +0.5cos| 7 | +0.08cos| (2.76)
N -1 N-1
tiis N fio $199% Order
fardudulad | anuntraMain | A1NGISide | Ripple ratio(%) | sMsaanou
Lobe Lobe,dB # N=31 TIWOUNYA,AB
Rectangular 27T/ N -13.5 21.8 -21
Hann 4T /N -32 2.67 -44
Hamming 47T /N 43 0.82 -53
Blackman 6TC /N -57 0.12 -74

Z v, 1
a13190 2.4 nfSouFsulansuniiieig

2.2.4.3 NSOONUUUAINTOIYIIANHTF MUY FIR

fINTDIFIIANUDAI (Band-pass Filter) TUn5 0801 UAINS 0IFRANUDA UL

FIR 921 Jag1i 10 IHan 150U aU09A1ND YDA INTOINUY Low-pass 2 ANUAMTAUAUA

namalugiin 2.31

1 Ha )i

1H @]

fez f

1 Haif} |

2]

fes

fe2 t

UM 2.31 uanens naneUTUBINAYBIAINT DALY Low-pass 2 AIWD

HAZNTMHARDUFUBINITUDYBIAINT BALVY Band-pass
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Y ) )
ltﬁ31uﬂ15H1ﬂ1ﬁ11‘]J'53’fﬁ’l'ﬁ‘Uﬂx‘lGl’JﬂiBG‘IS'Nﬂ'J'I}JE'll'»l']‘l‘lﬂ'li]'l‘iﬂﬂfwl’%'!ﬂffuﬂ']i

B (1) s = hD(”)ch - h, (”)fcl (2.77)

h.’) (n) Band ™ (278)

_ sin2af,,n)  sin(2xf,n)
n

T niw

2.2.5 FPGA (Field Programmable Gate Array)
o o Ll J a i
Tuilegiiu FPGA Tafimis ldeuduedianhavnannii Tag FPGA ldgminnunui
. e 4 ) { o o 7o
Logic Gate %1115¢@1 SSI MSI wioutiualududssuiananay Tagszviuldoingilnsali
kY | N Y
iHhudannlsznevresszumeniianes Weililsanin FrGa fdefeguarailszms Rade 'yl
Y o J
- gmnTesniLYNIATAen 18 Inslisuaugiassinazvuavesunersesana
4 p
esnnnsgnaentun 13 lugn
P o P = v o
- WIshesnuuuEsai e udgan lulasaeuInsames ms1z
a o o o
FPGA fidnuazmsoudiunyneiauss
o ¥r A ar o d o
- ensoud lvnisinu1das mssiiiesnndruarnisiaunuuaiagay o

gAY UALRZBDNIUL TAUNTHIIZAUFT (High Level Design)
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UNN 3

NIINATDI (NYYA))

& g ar
Tavhinsad e Tueadiunniladdu Simulink ¥99 1150053 Matlab
3 oy Ao g o o o o o
3.1 mInnaesi 1 naaoudaie lawesnlidwudiinseed (53) fudyannaned
Funsneassiasimisinmssdnle lawesiudygnaumnifisauduas

o=y P ' b g
ueuwagafinanaiaiuly

Xy i1

Can2 = In2

in%

?
3

Yvevw
3

S

Scapa 2
n?

g
L A0 A S
2

in@

1D

Signal Seurce ouio
Digital Filtar

—f

Scope 1

¥

Amplifies

i a /g v o o
71 3.1 Tuiravesdae lawe i ldouyniludyanmanni
717 3.1 Tumailsznou lddae
1 o e ] o ar el -
- dauadudygnuanuduazvniesngliznsudisudendaaaanmifianuinas

¥
yussntiuswdyaradududoyanadunm
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) TIPS
i Silru wla‘;il1
L

IJ‘HDSP Sine Wave 2

L

DSP
Sine Wave 3
I_I_LIDSP Sine Wave 4

L

Sine Wave §

!DSP

H_HDSP Sine Wave B
WP

Sine Wave 7 r‘_LIDSP

L4

Sire Wava 8 PSP

H_I]DSP Sine Wave 9

L

Slne Wave 10

31 3.2 Tumaadadganuanod
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R
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o
i
Iwﬂ‘w .I |
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o
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- dnnsssvnedugaimuasasvnefinnuizawe Tasliniauilu wdiva
) ] »
diovsoudasainisudyanuvestnanuiae laslunsnaassimualddvesves

ynganudiilu o dB (livo)

T
{1 65959)

d8 Gain 1

1548

(1 51356)
: 25dB

¢B Gain 7 CO—H 'masn) |

In?
o8 Gan 3

CO—¥g s
(0.891251)

Ind

4
o5 Gain 4 > :
.
GO 0.5 98 J L) oui
(1.65925) Py
o8 Gain 5 2508
CE+ '3

InG

dB Gain 8

@___’ 5.1 48
(1.70887)

T

dB Gain 7

B.7dB
(216272
In8

dB Gain 8 @_’ 7.4d8

2.34420)
ng
dB Gain3
TA0B
(734423
g

dB Gain 10
d. L) ar
51 3.4 duvosdyyin
- drudumwd o
Y-\ 3 &
SEmssrasamsmianuveslima
1 Amuana 10 unassniia s uiuauinataue2995ns I MUBUOUNTY
» ¥
#3410 924 lnulivwnaueumigaasua 1 83 10
2. fnuald naguusamassie TauiAy 1/48000 s LA GUUBIAINTOS
AUD
3. dlauSonaausalesnsesnnuamuanidiesnsewmnutiFuavournanyly
Houndy (FIR ) uaglduilimaundnum smusgaanuduourimasquaz ldanudgs

MNU48KHz
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4. S muaduduYoa2993 IHA UMY 53 nafiafu design filter wnifumsuaasns v

AFADUTUBINNUDAININ 3.5

__ Cument Fikes Irformafion. o - Magritude Resp
Magnitude Response m dB
El T T .i T
o :
Stuctwe: Direct form FIR @
Order: 53 v s
Sections: 1 %
Stable;  Ye: 1%
Souce:  Designed I e I L A= S N A AR R A RAA
~200
a
— Fitex Type —Fitee Order _ Frequency Specifications — . — Magritude Speciications —
€ Lowpass & Specily arder: |53 Urix:ll-lz 'I
" Highpass
a 4 T M order Fs: IW The altermsation st cutoff
" Bardsiop 0P Fel; [= fracquencias is fixed 2t 6 d8
" {Diferentiator - F¥ Scale pasaband Fe2 e [hak the passband gain)]
2| |-DesionMethod —— | Window: [Blackmen =1
=i C R leLawonh vI function name [
5 & AR [rdon = Paamater i
View |
E _Dmipiae |
= o ar as oo o o P
21]7] 3.5 ‘Uﬂﬂﬂﬂjﬂiﬂﬂfffgm;lm’/ln@']ﬂiﬂﬁﬂ’]ﬂﬂﬂ'] (53)
A v oo 9 q 3 & o A o
5. lﬂlﬂﬂ'l'ﬁu@ﬂ'lﬁﬂ‘l]'iﬂUllﬂfiﬂﬂ'lﬂUﬂl']fnTlﬂENﬂ'ﬁﬂixll'BﬂNﬁ INUU DA F5 N8N
A159199M5911Y

ar

ar -, 3 ar o : 5
6. aunsagnwdyanudunn1éi Scope 1| Fayananoniyni Scope 2 uavdyg ot

2OANININAINTBINIMUDITFUAVLUATLYAN Scope 3 - 12
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3.2 Manaasin 2 ﬂﬂﬁﬂ“ﬂﬂqg‘lﬁlmﬂf um
I
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i

4]

w o 4 o
VBININTOIGY (2000) NUA YL IUBIYU

- onluasfiud i muasmowduondusuduueeesnsesnnubiFuavly

waeuiiu 2000 ItFunadagdamnaluimosyain/dou 'l

B | TES [Vl B

r— Cueserd Fitex Iformation —— r-l-lag'i:.de.“’
10
o
Structre; Direct form FIR &
Order. 2000 z
Sections: 1 g il
Stable: Yot &
Sowurce:  Desipned 2o TN
-300
0
—Filer Type _ Filtex Orde _ Frequercy Speciicabions TM.wuuusmeﬁc.amm' —_
i & Spechy ordar: [2000 Unis:IHz =]
€ Highpans .
& Bardpast € Mk e Fx. llm The atterusation st cutofl
¢ Bandstop _ Optiorss Fel; [z frequencies is foid w6 B
€ [Dilocentiator v] || ¥ Scakepassband 2 G | Pt pessband oo
| Desion Method : Window: [Blackman  ~]
iR 13&#:"“&\ TI Tumetion nge I
ra el
= AR [Window it \JJ
L J View |
& Design Fitet

310 3.6 vdendInsBeduitidInsesd IR U (2000)
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3.3 MINAeead 3 nadeudnie TaweiRiidwudnTeaga (2000) fu'lWdides

Out1 o n1
Quz P In2
ot P 103
Outa ] Ina
Oui s
5 P Int Outy £ D
Q2 A
Signal From Scope 2
Workspace Out? 07
[+ 1%} wrerfind |81
ol i ine
Quutd P In 10 ToWorkapace
Dugltes Fiker

Amplitier

Signel To
‘Workspace

Scope 1

{ -~ - = o = =
717 3.7Tumnvesdan0 lae s 1FBun i Iud Goaes

5107 3.7 TummlazneuTuda

- dafumdunniniuIWdidosnn Workspace

- damvdendansesnnuidiFuay

- dnudenuiodyan

Tasuansedunisnaaesfuiiudafwdstuiadoyanauazuionlesnsomad
Fuaviozsudyanandsadunnniig .wav mousndun
IEmsdrassmsiinuvsalinaa

1. Tuaa 1WdFoadh1Uf Workspace voaTsunsy Matlab Tauldiads

[s,fs]=wavread(‘dircctory‘ilﬂﬂﬂﬁ );
Tusunsueeyitns Tnaa Wdidoasmniu 137 workspace ARautls s

2. @nvfonaavesnvsnsosnuiiFaavidresnsosnnubiuouriu uasiwy
wihehauudnu ﬁmumhamm?iﬁhqqLLaz‘lﬁ’mmE’;t’immﬁ'MSI{Hz

3. Mnuasuduuesses IdTa A 2000 nafitly design filter wziiiumsuaans v

8 A =
ﬂTSﬂBUﬁanﬂT’Iﬁﬂlﬁnguzﬂﬂ 3.6
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A o ) ¥ q ¥o - 5t o A o
4. %ﬂﬂﬂ'lﬁuﬂﬂ'l.lﬂl‘l.l%,ﬂﬁlla'ﬂﬂﬂ'lﬂuﬂl’Jﬁ'lﬂmﬂﬂﬂ'li‘lJigu'}lﬁNﬁ INUY NA FS tNON
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1 o o =t o ¢ aa v n’: [] P ar

5. Tdsunsy Matlab ausorau IWdi@eafutiuersisd 2mamniuus 1landenauun
v 019154 3 17 SedpelFdds

X=squeeze(b); vse

Y=squeeze(a);
minmseadaniiauiny 1 eonuazldmidaaWaido

Sound(x,48000);

= d. = d' - o LY d' o ci
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6.2.2 ap3niwas (Logic cells)
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{00 MHz
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; LT :
: Spartan-ti i Spartan-XL Spartan
i 1

ANUMHIL Y (inmM) 15K — 200K | SK 40K SK - 40K
Jrussousvga O | 200 Mz ' $0 MHz

NC3009 dernivative

,_nmﬂnumw Virfex derivative XCA0U0 denvative

‘l,BIock RAM i i) hiil

| Distributed RAM i i Y i

|DLL il Aniide— i

:I.i'lﬂ‘ijw 48] 16 4 ) 4

i Com Voitage 25V _;:} v 3V

; §V Tolerance T Y 0
Process (micron) 0.18/0.22 0.25/0.35 0.35/0.5
Configuration mode | Serial, Parallel, JTAG Serial, Express. JTAG Serial. JTAG

? Packages VQ100, TQ/CS 144, PC84. VQL00. TQ/CS 144, | PCS4, vqmo.-[;} 144,

1 PQ208, FG256/456 PQ208/240, BG256, CS280 | PQ208/240, BG256

o aren
Mirine.l FI']S'NL‘!J%UULﬁUUﬂﬂ!ZTHUﬁ Spartan-II Il8% Spartan Series
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Feature CXC2515 | XC2830 XC2850 | XC2s100 | XC25150 | XC25200
System Gates 15K 30K 50K 100K 150K 200K
Logic Cells 432 972 1728 2700 3888 5202
CLDs 96 216 384 600 264 1176
Block RAM (hits) | 16K 24K IR 40H i ISR TN
MAX IO 86 132 176 1946 Job | 2nd ;
l - i
Packages VOGO VU i '
TQ144 TQ144 TQ144 TQ144 i
CS144 CS144 PQ208 PQ20% rQ208 . PQ208 1
P20 FG256 F(G256 ! FG256 I FG256 ‘
FG456 456 F(G456 £
d'- <4 =l e .
fA1319N 6.2 ?I'IiNL‘I.IiﬂlJlT'IUUf]mﬁlJUﬂﬁﬁgflﬁ Spartan Il sernes
giinsol wannil $3173u pla 7 ¥ilauvning ¥ 2350l (T))
XC2515 -5 | wmigu wQI00 | 100-pin Plastic Very Thin Qtp C = cammercial | 0°¢C D1 RSC
XC2530 % | m CS144 | 144-bail Chip-Scale BGA | = Endustrial —4u°C B1100°C
XC2550 TQ144 | 144-pn Plastic Thin QFP
XC25100 PQ208 | 208-pin Plastic QFP
XC28150 ECi256 | 256-ball Fine Pach BGA
XC28200 FE5456 | 456-bail Fine Pich BGA
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6.4 ML YY HDL
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6.4.4 Timing simulation
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Entity one_stotwo_s is
Port (in_1s :in std_iogic_vector(7 downto 0);
out_2s : out std_logic_vector{7 downto 0));
End one_stotwo_s;
Architecture Behavioral of one_stotwo_s is
Begin
Process (in_1s)
begin
out_2s(7) <="0";
out_2s(6) <=in_1s(7);
out_2s(5) <=in_1s(6);
out 2s(4) <= in_1s(5);
out_2s(3) <=in_1s(4);
out_2s(2) <= in_1s(3);
out_2s(1) <=in_1s(2);
out_2s(0) <=in_1s(1);
end process;
End Behavioral;
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7.2.2 amAumsswdaa (Splitter)
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Entity splitter is

Port { in_2s : in std_logic_vector(7 downto 0);
clk : in std_logic;
outsl : out std_logic vector(7 downto 0);

outs2 : out std_logic_vector(7 downto 0);




outs3 : out std_logic_vector(7 downto 0);
outs4 : out sid_logic_vector(? downto 0);
outs5 : out std_logic_vector(7 downto 0);
End splitter;
Architecture Behavioral of splitter is

Signal outl,out?,out3 outd,outs : std_logic_vector(7 downto 0} := "00000000";

Begin
Process (in_2s,clk)
begin
if clk = "1 then
outd <= out4,
out4 <= out3;
out3 <= out2;
out? <= outl;
outl <=in_2s;
outsl <= outl;
outs2 <= out2;
outs3 <= out3;
outs4 <= outd,
outss <= out5;
end if;
end process;
End Behavioral;

7.2.3 @29 (Multiplier)
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Entity splitmulti_1 is
Port( input_split :in std_logic_vector(? downto 0);
load : in std_logic;
output?_split ,output6_split ,output5_split : out std_logic;
output4_split ,output3_split ,output2_split : out std_logic;
outputl_split ,outputQ_split : out std_logic);
End splitmulti_1 ;
Architecture Behavioral of splitmulti_1 is
Signal a_bus : std_logic_vector(7 downto 0);
Begin
Process (input_split, load)
Begin
if ( load'event and load="1") then
a_bus <= input_split;

output?_split <= a_bus(7);




outputé_split
outputS_spl'it
outputd_split
output3_split
output2_split
output!l_split

outputd_split

<=a bus(8);
<=a bus(5);
<=a_bus(4);
<=a_bus(3);
<=a_bus(2);
<=a bus(l);

<=a_bus(0);

end if;
end process;

End Bchavioral;
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Package lut_pack 210 is

“Subtype lut_word is std_logic_vector(7 downto 0);

Type lut_table is array (0 tol) of lut_word;

Constant lut_data 210 : lut_table := ( "00000000",

End;

Haz

Entity lut_21 is

Port (addr_in : in std_logic;
data :outlut_word);

End lut_21;

Architecture behav of lut_21 is

Begin

Process(addr_in)

Variable addr : std_logic;
Begin

L 1 l 100001“ );



addr = addr_in;
data <= lut_data_21{conv_integer(addn)};
End Process;

End behav;
7.2.3.3 Andeudyann (Shift) suflumsideudeyaurazndnaeutiuns iy

Entity shift 4 is

Port (input_shift rin std_logic_vector(7 downto 0);
output_shift : out std_logic_vector{14 downto 0):="000006000000000");
End shift 4,

Architecture Behavioral of shift 4 is
Begin
Process(input_shift)
Variable bf_out : std_logic_vector(3 downto 0);
Variable s :std logic_vector(14 downto 0);
Begin
bf_out(0) := input_shift(7);
bf out(1) := input_shift(7);
bf_out(2) = input_shift(7);
bf out(3) := input_shifi(7);
s :=bf out & input_shift & "000";
output_shift <=s;
end process;

End Behavioral;
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Entity add 1 is

Port(in_1 :in std_logic_vector(7 downto 0);
in 2 :in std_logic_vector(14 downto 0);
addout : out std_logic_vector(14 downto 0)};
End;

Architecture behav of add 1 is

Begin

Process (in_1,in_2)

Variables sub :std_logic_vector(7 downto 0);

Variable s_xxx,sum : std_logic_vector(14 downto 0};
begin
s sub:=(in_1xor"I1111111");
s sub:=s sub+l;

s_xxx :=s_sub & "0000000";

sum(14 downto 0):= in_2(14 downto 0)+ s_xxx(14 downto 0)

addout<=sum;
end Process ;
End behav;
iag
Entity add_2 is

Port (in_1,in_2 : in std_logic_vector{14 downto 0);

addout : out std_logic_vector(14 downto 0));

End add_2;

Architecture behav of add_2 is
Begin

| Process(in_1,in_2)

begin
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addout <=in_1(14 downto 0) + in_2(14 downto 0);

End Process;

End behav;

Loz

Entity addfin is

Port (input_shift :in std_logic_vector(14 downto 0);
output_shift : out std_logic_vector(7 downto 0));

End addfin;

Architecture Behavioral of addfin is

Begin
Process(input_shift)
Variable bf_out : std_logic_vector(7 downto 0);
begin
bf_out(Q) := input_shift(7),
bf out(1) := input_shift(8),
bf out(2) := input_shift(9);
bf_out(3) := input_shift(10);
bf out(4) ;= input_shift(11);
bf_out(5) := input_shift(12);
bf out(6) := input_shift(13),
bf out(7) := input_shift(14);
output_shift <= bf out;
end process;
End Behavioral,
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Entity two_stoone_s is
Port (in_2s : in std_logic_vector(7 downto 0);
out_ls: out std_logic_vector{(7 downto 0));
End two_stoone_s;
Architecture Behavioral of two_stoone_s is
Begin
Process (in_2s)
begin
out_1s(7) <= in_2s(7) xor'1";
out_1s(6) <= in_2s(6);
out_1s(5) <= in_2s(5);
out_1s(4) <=in_2s(4);
out_1s(3) <=in_2s(3):
out_1s(2) <=in_2s(2});
out_ls(1)<=in 2s(1);
out_1s(0) <= in_2s(0);
end process;

End Behavioral;
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Entity sum is

Port (inl : in std_logic_vector(7 downto Q);
in2 : in std_logic_vector(7 downto 0);
in3 : in std_logic_vector(7 downto 0);
ind : in std_logic_vector(7 downto 0);
in$ : in std_logic_vector(7 downto 0);

clk : in std_logic;



outl : out std_logic_vector(7 downto 0));
End sum; .
Architecture Behavioral of sum is
Signal templ temp2,temp3,tempd.temp5 : std_logic_vector(10 downto 0);
Signal a:std logic vector(10 downto G);
Begin

Process (clk)

Begin

if clk ='1" then

templ <= "000" & inl,

temp2 <= "000" & in2;

temp3 <= "000" & in3;

temp4 <= "000" & in4;

temp5 <= "000" & in5;

a <=templ + temp2 + temp3 + temp4 + temp3;

if a(10) ="'1"' or a(9) ='1" or a(8) ="1" then

outl <="11111111";

else

outl(Q) <= a(0);

outl(l) <= a(1});

outl(2) <= a(2);

outl(3) <= a(3);

outl{4) <= a(4);

out1(5) <= a(5);

outl(6) <= a(6);

outl(7) <= a(7);

end if;

end if;

end process;

End Behavioral;
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Digital Filter FIR Window Blackman
Order 21

Sampling Frequency 48 KHz
Cut-off Frequency | = 11 KHz
Cut-off Frequency 2 = 22.4 KHz

dwy adulszdng @IFIUFBAAIUNABUNLIUA
1 0.000000000000000 0000 0000
2 0.000184800512604 0000 0000
3 -0.000205596822213 1111 1111
4 0.007391633297504 0000 0001
5 -0.017661407206292 11111110
6 0.001572992065630 0000 0000
7 -0.009863795077781 1111 1110
8 0.110537981769821 0000 1110
9 -0.089955927461926 11110100
10 -0.239492356407215 1110 0001
11 0.475000000000000 0101 1101
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Delay : 0.0ns

L3

Hold Off : MINIMUM

Ui 8.7 wamsmanssaoul 1 et dyauBunn 10 kHz
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Stopped 2007/03/28 175347
CHI=2v CHZE5Y Sous/div
AC 11 AC T (Sﬂusldiv)

aTracels PP

Freq 15,15kHz
.'.T.'.a.‘?.%?t...‘.’.-.!’. ..... 9. 800V Freq, 15:15kHz
5 H T1
Cursor
=1
=Fiter= =0ffset= =Record Length= =Trigger=a
Smoothing ! ON  CHE ! =cweeaa Main © 10K Mode . AUTO
BW [ 20MHz CHZ | ===mm=- Zoom @ 1K Type . EDGE CH1 £
Detay : D.ons
Hold OFf : MINIMUM

3171 8.8 wanisnAaBIREUA 1 BRI

ar

YYIUBUNN 15 kHz

2087 /03/28 175504

20us/div

=Tracell= P=p
-Tracazll P—P

4.:950

=Fiter=

Smuothing : ON  CH1 :
BW [ 20MHz CHZ :

=0ffoat=

=T
Mode © AUTO

Type : EDGE CH1 £
Delay : 0.0ns
Hold OFf 1 MINIMUM

3 8.9 wamismanesnoul 1 ileanudidyanaduym 20 kiHz
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8.2 AeUT 2 Tk udInsesnuduuueUHIY

@ Yo ar o 1 o ) o o {
nanildhmsadudinsesdayanaunsldasludwenise vnstleu wanuh

ANNAANTHVUR 5 Vpp Mnsdunavinadyeouoniyn 1dwansmansadsgud s.10 &
8.25

rel

Stopped 2007/04/03_00:24:46
CHI=ZV  :  CHZE500mV: : : T 20ms/div
AC 11 :

=Tracele P-p
=Trace2s PP

=Filter= =0ffsels sRecord Length= =Trigger=
Smoolhing : ON  CHY [ —==e——e Main : 10K Maode : AITO
BW : 20MHz CHZ [ =====e- Zoom @ 1K Type : EDGE CHY &
Delay 0.0ns

Hold Off :  MINIMUM

31l 8.10 wamsnaaesneud 2 iloanuddyanadumnn 20 Hz

Stopped 2007/04/03 026228
CHI=2v i 10ms/div
/RC 11 T (1mg/av)

........................ HORM:100kETS

bq  50,00Hz :
............ Freq 50:;5Mz - &
' cH2
v/DIV
200mv
cFiltern =0ffselm =Record Lengthm =Triggers
Smoothing : ON  CH1 | =wewew= Maln : 10K Muode : AUTO
BW :@ 200Hz CH2 | =mm=m=a Zoom : 1K Type : EDGE CH1 4

Detay : 0.0ns
Hold Off ; MINIMUM

y P d‘ 1 o =y
g1 8.11 wansnansaneud 2 Wennud dye udunm 50 Hz




q 2007/04/03 00:27:34
: : smsydiv
(Smsydiv)

Stopped

31l 8.12 man1smanesew 2 iennuddaanmBuyn 100 H2

Stopped
CHI=zv @ CHZ=200mv.
ac 11 RC 11
Frixg 200.0Hz | :
.......... Freq 2080z = L
: : CH2
v/DIV
200mv
=Fiter= =0ffset= =Record Lengih= =Trigger=
Smoothing : ON CHI | ===esw- Main 10K Mode | RUTO
BW :© 20MHz CH2 | memmmew Zoom : 1K Type : EDGE CH1 £
Defay : 0.tns

Hold Off ©  MINIMUM

3 8.13 manmsnaaesrewd 2 dienrfidyenubumm 200 Ha

92



or =

Ui 8.14 mamInAnBsaeuT 2 ieanuddyanadun 500 Bz

Stopped ) 2007/04/03 Q0:51:51
CH1=ZV CHZ=200mV: T 500us/div
Ac 111 Ac 1 : T (500us /div)
3 : HORMZZMS

g 800.0Hz : :
°q I87.4Mz © G ;
? cH1
Level
- 0.08v
=Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON  CHI | —mecwna Main 10K Mode : AUTG
BW  20MHz CHZ [ =w=mmea Zoom

93



Stopped ] 2007/04/03 00:34:34

1.000kHz |
Freq 1.000kHz

=Tracels P-p
=Trace?s P-P

: CH1
Level
- D.08v
=Fiters =0ffset= =Record Length= =Trigger=
Smoothing : ON  CHI | comeman Main @ 10K Mode : AUTO
BW : 20MHz CHZ | ==—=waa Zoom ;1K Type : EDGE CH1 & h- -
Defay : 0.0ns

Hold OFF :  MINIMUM

o =

U7 8.16 namsnanesmeud 2 diennuddaygaBuyn 1 kiz

Stopped 2007 /04 /03 0023518
CHI=Zv . CHZ=200mV: : : I 200ug faiv
ac 1 AC Tl ; : :

Leve!
- 0.08v
cFilter= *=0Offset= =Record Length= =Trigger=
Smoothing : ON  CHt | ——----- Main . 10K  Mede : AUTO
BW © 20MHz CH2 | =m-=me- Zoom : 1K Type : EDGE CH1 £
Defay : 0.0ns

Hold OFF .  MINIMUM

as =y

317 8.17 wamananesreudi 2 iesnuddyanuduwn 2 kiz

]



Stopped ) 2097 /04/03 GO3EI15
CHI=2v |  CH2=200mV; : : ; 100us / div
ac 11 AC 131 : : (100us /div)
: : Y o Ut : : Nom.m

ot
=Tracel= P-p S5.120v : Fr :
?'.T!'.“.‘.‘?‘.—’z?‘.‘f...'.’.‘.!’. ..... ???..!”!‘?...é ...... Fr .‘1...'-?..‘.'.5.‘.‘.‘!*..2 ................... :
: CH1
Level
- 008V
=Fiter= =Offsel= =Record Length= =Trigger=
Smoolhing @ ON  CH1 : ——eewe= Maln © 10K Mode : AUTO
BW : 20MHz [T R — Zoom : 1K Type ;: EDGE CH1 &
Dela 0.0ns

Hold OFff : MINDIMUM

o

3 o & - a
317 8.18 wamsnaaseneud 2 Wen it dwauduwyn 5 kHz

Stopped 5 2007 /04/03 0GIT:40
CHI=ZV @  CHZ=200mV: : : T ERUS/Gv
AC 11 AC T 3 ; : [‘SIlusldv)

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 | —=—=wau- Main ;| 10K Mode : AUTO
BW : 20MHz CHZ | wemeen= Zoom ! K Type . EDGE CHY1 £
Detay @ 0.0ns

Hoid OFf : MINIMUM

W

L] » A 1
311 8.19 manmismanesroud 2 Wenuddyeusunn 8 kHz

95



Stopped 3 2007/04/03 004Z41
CH1=2V  © CH2=IV : : © S0us/div
oc 1 AC 11 : : : (5Bus/div)
: : Y AN : : Nomurzu

aTracels P-P  4.960v  Friq 10,10kHz ' :
=Traco2s P-f 1.680v '.’.r“.‘.l...%'..?.‘??.'sﬁ? ................... :
CH1
Offset
0.0%
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1 0.02v Main 10K Mode : AUTO
BW @ 20z CH2 | ===mnew Zoom @ 1K Type : EDGE CH1 &
Defay : 0.0ns

Hoid OFf . MINIMUM

31 8.20 mamsmAnese i 2 WennuddyguBunm 10 kiz

Stopped g 2007/04/03 004632
CHi=2v @ CH2=2y : p : Sbus/div
pC L1 AC A : : : (Stus/div)

=Traoe‘l" PP . : 11;90kHz :
=Trace2- P-P . : Bq 115 BUkHz
cFiter= =Offset= =Record Length= =Triggerw
Smoothing : ON  CH1 o.o2v Maln ;1 10K Mode . AUTO
BW ! 20MHz CHZ | ===ee= Zoom @ 1K Type : EDGE CH1 &
Delay : .0ons

s

: P4 4 o
31U 8.21 wamsmanesnsu 2 Wenuddaaubunm 12 kiz



Stopped ¥ 2007 /04/03 00°50:28

v : : T 20us/fdiv
: (20us/div)
NORM:

=Tracels P=P  4.960v :  Friq 14;88KHZ

=Tracezs P-P _7.600v :  Freq 15.43kHz:
=Fiter= =0Offsets =Record Length= =Trigger=
Smosthing : ON  CH1 oozv Main ;1 10K = Mode : AUTO
BW : 20MHz CHZ ;! mmmmmm- Zoom : 1K  Type : EDGE CH1 §
Delay 0.0ns

31 8.22 manmsnanesaeu 2 WenuddwanmBuyn 15 kHz

Stopped 2007 /04/03 005154
CHIRZV  : CHz=ev | ; : T 20us/Giv
DE 1 i ARG 1 D ;

oTracel= P=P 4,060V | Frbq 17:00KMz!
mTraceze PP 7.600v : Freq 18;52kHz:

=Filter= =0Offeel= =Record Length= =Triggers
Smoothing : ON CHI1 : oazv Main . 10K  Mode @ AUTO
BW . 20MHz CH2 : ==meree Zoom : 1K Type : EDGE CH1
Delay : 0.0ns

Hold OFF |  MINIMUM

g =

31 8.23 wamsnaaesneud 2 ienuidyeImBunm 18 kHz




Stopped g 2007/04/03 0053:48
CHI=2V  : CH2=S5v : : ¢ 2Bus/div
AC 1 : : | (20us/div)

Freg 19;53khz :

B GBALLE i
i :
=Filter= =0ffset= sRecord Length= =Trigger=
Smoothing : ON CHT : 0.02v Main © 10K Mode : AUTO
BW @ 20MHz CH2 . ====mea Zoom @ 1K Type . EDGE CH1 &
Deta D.0ns

=Tracell= P-P 4.960v @  Fréq 21;92kHz:

“Tracez= P-p 7.600v :  Freq 2z:32khz: G EA—
=Filter= =0ffset=s =Record Length= =Trigger=
Smoothing : ON  CHI 0.02v Malm © 10K Mode : AUTO
BW © 20MMz CH2 ! =mnere= Zoom @ 1K Type : EDGE CH1 &
Defay : 0.0ns

Hold OfF .| MINIMUM

31h1 8.25 wamsnanesnend 2 dionrwd dynnaduwn 22 kHz
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hvinavosdyansueniynonaeudi 2 310 8.10 89 8.25 mldaslumsed .1 uay

imamnanadins Mesmuassmonsrevauemennuiinugyii s.26

13797 8.1 HANIINAT DI

Faanaduwnumna s vp-p Ainawdiae YAVBIT Y IBLE NN
20 Hz 420 mV
50 Hz 408 mV
100 Hz 408 mV
200 Hz 392 mV
500 Hz 392 mv
800 Hz 392 mV
1 kHz 392 mV
2 kHz 392 mV
SkHz 392 mV
8 kHz 392 mV
10 kHz 1.68 V
12 kHz 384V
15 kHz 7.6V
18 kHz 7.6V
20 kHz 7.6V
22 kHz 78V




100

-10 -

<15

220 -

-25 -

-30

Frequency

5,000 10,000 15,000 20,000 25,000

311 8.26 wanIsABUENBINIAIND
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ADC0820

Track/Hold Function

General Description

By using a half-flash conversion technique, the B8-bit
ADC0820 CMOS A/D offers a 1.5 ps conversion time and
dissipates only 75 mW of power. The hatf-flash technique
consists of 32 comparators, a most significant 4-bit ADG and
a least significant 4-bit ADC.

The inpul 1o the ADC0B20 is tracked and held by the input
sampling clrcuitry eliminating the need for an external
sample-and-hold for signals moving at less than 100 mv/ys.
For ease of interface to microprocessors, the ADC0O820 has
been deslgned to appear as a memory logation or /O port
without the need for external interfacing logic.

Key Specifications
® Resolution
® Conversion Time

8 Bits
2.5 pys Max (RD Mode)
1.5 ps Max (WR-RD Mode)

» Low Power 75 mW Max
u Total Unadjusted
Emor 12158 and £ 1 LSB

&National Semiconductor

8-Bit High Speed yP Compatible A/D Converter with

June 1999

Features

B Built-in track-and-hold function

# No missing codes

® No external clocking

® Single supply —5 Ve

8 Easy interface to all microprocessors, or operates

stand-along

Latched TRI-STATE® output

® Logic inputs and oulputs meet both MOS and T2L
woltage level speclfications

8 Operates ratlometrically or with any reference value
equal to or less than Ve

® OV to 5V analog input voltage range with single 5V
supply

® No zero or fuil-scale adjust required

® Overflow cutput available for cascading

= (0.3 standard width 20-pin DIP

® 20-pin moided chip carier package

& 20-pin small outfine package

1 20-pln shrink small cutline package (SSOP)

Dual-In-Line, Smalf Outline
and 550P Packages

FUEEET AT

Veer (=}

OS005501-1

Top View

TRESTATE® & & rogishrd of Hational

Connection and Functional Diagrams

Molded Chip Carrier
Package

lzE 8283

18 17 16 15 14 L Y
13-

gEpye

WR/R

DS5005501-33

© 1598 National Semiconductor Corporation DS00550t

www.national.com
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Connection and Functional Diagrams (continueq)

VREF( + | mmmet > l—
. + — 0b7
| > o
{4 MSBs} » L]
:_r Vazr( - > e DB4
quTPUT
LAFCH
AND
THI-STATE
BUFFERS
— — 083
+ b D32
ADC »
fLsa) =14
Vaeri- ) B h—— 0B)
I TIMMG ANE: CONTAOL CINCINTRY l—m
WODE WHsaDY EI! !\7
DEOOSSD -2
FIGURE 1.
Ordering Information
FPart Number Total Package Temperature
Unadjusted Error Range
ADCOB20BCYV V20A — Molded Chip Carrier 0°C to +70°C
ADCO0820BCWM t1% LSB M208 — Wide Body Small Quiline 0'Cto +70°C
ADCO820BCN N20A-— Molded DIP 0°C to +70°C
ADCOB20CCY J20A — Cerdip -40°C to +85'C
ADCO0820CCWM £11SB M20B —Wide Body Small Outline 0°C to +70°C
ADCO820CIWM M20B — Wide Body Small Outline ~40°C to +85'C
ADCOBZ0CCN N20A — Molded DIP 0’'Cto +70°C

www.natlenal.com




Absolute Maximum Ratings motes 1, 2)

If Milltary/Aerospace specified devices are required,
please contact the National Semiconductor Sales Officef
Distributors for availability and specifications.

Supply Voltage (Vec) 10v
Logic Control inputs 0.2V to Ve +0.2V
Voltage at Other Inputs and Output -0.2V to Vo +0.2V
Storage Temperature Range ~65°C to +150°C

Package Dissipation at T, = 25'C 875 mw
Input Current at Any Pin (Note 5) 1 mA
Package Input Current {Notg 5) 4 mA
ESD Susceptabflity (Note 9) 1200V
Lead Temp. (Soldering, 10 sec.)

Dual-In-Line Packags (plastic) 260°C

Converter Characteristics

The following specifications apply for RD mode {pin =0}, Vo=
fled. Boldface limits apply from Ty, 10 Trax: all other limits Ta=

Duat-in-Line Package (ceramic)
Surface Mount Package
Vapor Phase (60 sec.}
Infrared (15 sec.}

300°C

215°C
220°C

Operating Ratings notes 1, 2)

Temperature Range

ADC0820CCY
ADCOB20CIWM

ADCO820BCN, ADC0820CCN

ADCO0820BCYV

ADCOB20BCWM, ADCO820CCWM

Ve Range

TounsSTasTmax
-40'C<T,5+85°C
—40°CsT <+85'C

0'C<T,<70°C
0'CsT,270°C
0°'CsT,s70°C

4.5V to BY

, Vi F(+)=5V,and Vaer(=)=GND uniess ctherwise speci-
T535'C.

Paramster Conditions ADCO320BCN, ADCOB20CCN Limit
ADCOB20GLS ADCOB20BCY, ADC0820BCWM Units
ADCOG20CCWM, ADCOB20CIWM
Typ Tested Design Typ Tested Design
{Note B) Limft Limit {Note 6) Ltimit Limit
{Note 7) { (Note B) {Note 7} (Note 8)
Resolution 8 8 Bits
Tolaf Unadjusted ADCO320BCN, BCWM £ 377 T4 Lse
Error ADC0B20CC) 1 LSB
[MNote 3) ADCOB20CCN, CCWM, CIWM, +1 *1 L5B
ADC0820CCMSA +1 1 18B
Minimum Reference 23 1.00 23 1.2 k2
Raosistance
Maximum Reference 23 23 5.3 6 k2
Resistance
Maximum Vige(+) Vee Ve Vee v
Input Voltage
Minimuri Veer(~) GND GND GND v
Input Valtage
Minimuem Veeg(+) Vres{~) Vier(~} Vrer(=} v
Input Violtage
Maximuen Yege(-) Vrerlt} Vrerit) Vreel*) v
Input Voltage
Maximum V) Input Vet t Vee+0.1 Veo+0.1 v
Vokage
Minimum Vi, Input GND~2.1 GND-0.1 GND-0.1 v
Voltage
Maximum Anaiog TS =Vgp
Input Leakage Vi*Veeo 0.3 3 pA
Curant Vin=GND -3 -0.3 ~3 KA
Pawer Supply Vec=5VES% £1/16 1) 1118 % v LS8
Sensitivity

www.national.com




DC Electrical Characteristics
The following specifications apply for Ve =5V, unless othetwise specified. Boldface limits apply from Ty to Tya all other

limits To=T,=25°C.

Parameter Conditions ADCOB20BCN, ADCOS20CCN Limit
ADCOB20CCY ADCQB20BCV, ADCOB20BCWM Units
ADCOB20CCWM, ADCOE20CIWM
Typ Tested Design Typ Tested Design
{Note 6) Limit LImit {Note 8) Limit Limi
{Note 7) {Note 8) (Note 7} {Note 8)
Vieug4). Logical *1° Vee=5.25V CS,WR,RD 20 2.0 2.0 v
Input Voltage Mode 3.5 a5 35 )
Vingy Logical "0 Vee=4.75% | TS5, WR,RD 0.8 0.8 0.8 v
Input Veoltage Mode 1.5 15 15 v
Tyt Logical *1° Viyny=5V; C8 , RD 0.005 1 0.005 1 pA
Input Current Vingn)=5v; WR 0.1 3 0.1 0.3 k] wA
Visy=5Vi Mode 50 200 50 170 200 A
‘N(D)- Logicat "0” V=0V, €5, RD, WR, ~-0.005 -1 -0.005 -1 pA
irput Current Mode
Vouryy. Logleal *1° Vep=4.75V, loyr=-360 pA; 24 28 24 v
Output Voltage DBO-DBY, OFL , INT
Veo=d.75V, lour=—10 uA; 4.5 46 45 v
DB0-DBT7, OFL , INT
Vourey. Logical "07 Vee=4.75V. loyr=1.6 mA: 04 0.34 0.4 v
Culput Valtage DB0-DB7, OFL , NT, RDY
lour, TRISSTATE Vour=5V; DBO-DBT, RDY 01 3 041 0.3 3 pA
Qutput Current Vour ®0V: DB0-DB7, RDY -0 -3 a1 ~0.3 -3 [FLY
lsounce. Cutput Vour=0V; DB0-0B7, OFL -12 -6 -12 -72 -6 mA
Source Curront NT -9 ~4.0 -9 -5.3 -4.0 mA
layuc. Outpist Sink Vour=5V; DBO-DB7, DFL , 14 T 14 84 7 mA
Current T, RDY
lec. Supply Current TS =WR =RD =0 7.5 15 75 13 15 mA
AC Electrical Characteristics
f‘l_‘gg following specifications apply for V=5V, ,=14,=20 ns, Vrep(*)75V, Veee(=1F0V and To=25°C unless otherwise speci-
ted.
Typ Tested Design
Parameter Conditions (Note G} Limit Limit Units
{Note 7) {Note 8)
terp. Conversion Time for RD Pin 7 = 0, Figure 2 16 2.5 us
Mode
tacco: Access Time (Delay from Pin7 = 0, Figure 2 {crp*20 terpt50 ns
Falling Edge of RD to Output
Valid)
tewn.ao, Conversion Time for Pin 7 = Vee: twa = 600 ns, 1.52 Hs
WR-RD Mode trp =600 ns; Figures 3, 4
bomz, Write Time Min Pin 7 = Ve Figures 3, 4 600 ns
Max (Note 4) See Graph 50 ps
tap, Read Time Min Pin 7 = V(. Figures 3, 4 600 ns
{Note 4) See Graph
tacc1. Access Time {Delay from Pin 7 = V¢, trp<ty; Figure 3
Falling Edge of RD to Output C,=15 pF 190 280 ns
Valid)
C =100 pF 210 320 ns

www.national.com




AC Electrical Characteristics {Continued)

;’23' following specifications apply for Ve =5V, L=4720 NS, Vrep(#)=5V, Vree(-)=0V and T,=25°C unless otherwise speci

Typ Tasted Design
Parameter Conditions {Note 6) Limit Limit Units
{Note 7) {Note 8)
tacx_:z- Access Ti‘rie {Delay from Pin 7 = Ve, trp ™Y, Figure 4
5::?)9 Edge of RD to Quiput CLTE’ pF 70 120 ns
C =100 pF 90 150 ns
tacea. Access Time {Delay from Rpyurup = 1k and €, = 15 pF 30 ns
Rising Edge of RDY to Qutput
valid)
t,, Internal Comparison Time Pin 7=Veg; Figures 4, 5 800 1300 ns
C =50 pF
tin, torr TRI-STATE Control R =1k, C_=10 pF 100 200 ns
{(Delay from Rising Edge of RD to
Hi-Z State}
tiamL. Delay from Rising Edge of Pin 7 =V, C = 50 pF
WR to Falling Edge of INT trp>1y; Figure 4 1 ns
trp <4 Figure 3 tant200 trp*290 ns
{imv» Delay from Rising Edge of Figures 2, 3, 4 125 225 ns
RD to Rising Edge of INT C,=50 pFc
GrrHwre Delay from Rising Edge of Figure 5, C, =50 pF 175 270 ns
WR to Rising Edge of INT
trov. Delay from CS to RDY Figure 2, €, =50 pF, Pin 7 =0 50 100 ns
4,0, Delay from INT 1o Qutput Valid Figure 5 20 50 ns
tr Delay from RD to INT Pin 7=Vee, trp<t, 200 200 ns
Figure 3
t,, Detay from End of Conversion Figures 2, 3,4, 5 500 ns
to Next Conversion (Note 4) See Graph
Slew Rate, Tracking 0.1 Vigs
Cym, Analog Input Capacitance 45 pF
Cour. Logic Outputl Capacitance 5 pF
Cyn. Logic Input Capacitance 5 pF

Note 1: Absolute Maximum Ralings indicate Kmits beyond which damags to the device may occur. DC and AC elsclrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: Af voltages are measured with respect to the GND pin. unless ctherwise specified,

Nzte 3: Total unadjusted emor Inctudes offest, fuull-scale, and linearty emors.

Nots 4: Accuracy may degrade If lwr of trp is shorler than the minimum value specifisd. Ses Accuracy vs tyg and Accuracy vs Igp graphs.

Hote 5: ¥When the input voltage (Vi) at any pin exceeds the powst supply rafts (Vi < V" of Ve > V') the absolita vatue of curment af that pin should be limited to
1 mA or less. The 4 mA packags input curtent limits the number of plas that can excesd the power supply boundaries with a 1 mA current limit 1o four.

Note 6 Typlcals ara a1 25°C and represent most fikely paremetric normm.

Note 7: Tested limits are guaranteed to National's AOOL (Average Outgoing Quailty Levet).

Note 8: Design #mits ara guaranteed but not 100% iasted. These bmils are not used ko calkculsie outgoing guality fevels.
MNote 9: Human body moded, 100 pf discharaged through 2 1.5 kQ resistor,

-3 www,national.com




veo

DB005501-3

DATA
QUTRUT

i

L1

D5005%01-8

Timing Diagrams
o N

TRI-STATE Test Circuits and Waveforms

ty, C =10 pF
t
Yee
s g
GND "
"
¥,
oata oM -
ouTHITS
cNg ~—m— . =
te=20ns
D300S5014
220 ns
tow G = 100F
Ll
Yeo
wk
L 5%
oho Lo
r*lm
[P
oAt ° /‘
U oUTPUTS
Vor m
[
1220 n3

ST

"~ WITH EXTERNAL FULL-UP

ey

DB0-08) = o= vy = - o

Nm:mpmerwmemmmﬁmnbemghorm.

e A
b o . e e o e

fo— lpty———+1

l-—m.._.F

D3005501-7

FIGURE 2. RD Mode {Pin 7 is Low)

www.national.com




Timing Diagrams (continueq)
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FIGURE 3. WR-RD Mode {Pin 7 is High and t.p<t)
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Description of Pin Functions

Pin HName Function

Vin Analog input; range =GND<V 2V cc
oBo TRI-STATE data output— bit 0 (LSB)
DB1 TRI-STATE data output—bit 1

DB2 TRI-STATE data output— bit 2

DB3 TRI-STATE data output—bit 3

WR WR-RD Mode

DY WR: With CS low, the conversion Is
started on the falling edge of WR.
Approximately 800 ns (the preset internal
time out, 1,) after the WR rising edge, the
result of the conversion will be strobed
Inta the cutput latch, provided thal RD
does not occur prior to this time out (see
Figures 3, 4),

RD Mode

RDY: This is an open drain output {no
internal pull-up device). RDY will go low
after the falling edge of TS; RDY will go
TRI-STATE when the result of the
conversion Is strobed into the ouiput
latch, 1t is used to simplify the interface
to a microprocessor system {see Figure
2).

Mode: Mode selection input—itls
Internally tied to GND through a 50 pA
current source,

RD Mode: When mode is low

WR-RD Mode: When made ks high
WR-RD Mode

With CS low, the TRI-STATE data
outputs {DBO-DB7) will be activated
when RD goes fow (see Figure §). RD
can also be used to increase the speed
of the converler by reading data prior to
the preset internal ime out {t, ~800 ns}).
If this is done, the data result transferred
to output latch is latched after the falling
edge of the RD (see Figures 3, 4},

RD Mode

with TS low, the conversion will start
with RD going low, also RD will enable
the TRI-STATE data outputs at the
completion of the conversion. RDY gelng
TRI-STATE and INT going jow indicates
the completion of the conversion (see
Figure 2).

D h bW N -

7 Mode

1.0 Functional Description

1.1 GENERAL OPERATION

The ADCO0820 uses two 4-bit flash A/D converters 1o make
an 8-bit measurement {Figure 1). Each flash ADC Is made
up of 15 comparators which compare the unknown input to 8
reference ladder to gel a 4-bit resutt. To take a full 8-bit read-
Ing, one flash conversion is done to provide the 4 most sig-
nificant data bits (via the MS flash ADC). Driven by the 4

Pin Nams

Function

9 INT WR-RD Mode

INT golng low indicates that the
conversion is completed and the data
result is in the output latch. INT will go
low, ~800 ns (the preset intemal time
out, 1} after the rising edge of WR (see
Figure 4 ); or INT will go low after the
faling edge of RD , if RD goes low prior
to the 800 ns time oul (see Figure 3).
INT is reset by the rising edge of RD or
CS (see Figures 3, 4).

RDP Mode

INT going low Indicates that the
conversion is completed and the data
result is in the output fatch. TNT is reset
by the rising edge of RD or CS (see
Figure 2 ).

10 GND Ground

11 Vgeri~}  The bottom of resistor ladder, voltage
range: GNDsVpep(-)SVaer(*) (Note 5)

12 Vpee{t) The top of resistor ladder, voltage range:
Vrer(~)$Vree(#)5Vee (Note 5}

13 €8 CS must be low in arder for the RD or
WR to be recognized by the converter.

14 DB4 TRI-STATE data output— bit 4

15 DBS TRI-STATE data output—bit 5

6 DB6 TRI-STATE data output— bit 6

t7 DB7 TRISTATE data output— bit 7 (MSB)

18 OFL Overflow output— If the anatog input Is
higher than the Vieg(+), OFL will be tow
al the end of conversion. It can be used
to cascade 2 or more devices to have
mare resofution (9, 10-bit). This output is
atways active and does not go into
TRI-STATE as DBO-DBT do.

19 NG No connection

20 Vee Power supply vollage

MSBs, an internal DAC recreates an analog approximation
of the Input voltage. This analog signal is then subtracted
from the input, and the difference voltage is converted by a
second 4-bit flash ADC (the LS ADC), providing the 4 least
significant bits of the output data word.

The intemal DAC is actually a subsection of the MS flash
converter. This is accomplished by using the same resistor
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1.0 Functional Description {Continued)

ladder for the A/D as well as for generating the DAC signal.
The DAC output is actually the tap on the resistor ladder
which most closely approximates the analog input. In addi-
tion, the "sampled-data” comparators used in the ADC0820
provide the ability to compare the magnitudes of several
analog signals simultaneously, without using input summing
amplifiers. This is especlally useful in the LS flash ADC,
where the signal to be converted is an analog difference.

1.2 THE SAMPLED-DATA COMPARATOR

Each comparator In the ADC0820 consists of a CMOS in-
verter wilh a capacitively coupled input (Figures 6, 7 ). Ana-
log switches connect the two comparator inputs to the input
capacilor (C) and afso connect the inverter's input and out-
put. This device in effect now has one differential input palr.
A comparison requires two cycles, one for zeroing the com-
parator, and another for making the comparison,

In the first cycle, one input switch and the Inverter's feedback
switch (Figure &) are closed. In this interval, C is charged to
the connected input (V1} less the inverter's bias voltage (Vi,
approximately 1.2V}, In the second cycle (Figure 7), these
two switches are opened and the other (V2) input's switch is
closed. The input capacitor now subtracts iis stored voltage
from the second input and the difference is amplifiad by the
inverier's open loop gain. The inverter's input (Vg') becomes

C
C+Cg

and the output will go high or low depending on the sign of
Vg'-Va.

The actual clrcultry used in the ADCOS820 is a simple but m-
portant expansion of the basic comparator described above,
By adding a second capacitor and another set of switches to
the Input {Figure 8), the scheme can be expanded to make
dual differential comparisons. In this circult, the feedback
switch and one input switch on each capacitor (£ switches)
are closed in the zerolng cycle. A comparisen Is then made

Vg—(V1-v2)

2
A LADDER U/ s 1
(L)
3

]
¥z)

z
ANA GND —c/ 2

vy

3 I
1258 s
v =

D3005501-+4

by connecting the second input on each capacitor and open-
ing all of the other switches (S switches). The change in volt-
age at the inverter's input, as a result of the change in charge
on each input capacitor, will now depend on beth input signal
differences.

L)
]

2 —0""¢ :‘
I

DEDOSE0T-12
*Vo = Vg
*VonC=vi-Vy
* Cg = sty input nods capacitor
* Vg = inverter input blas voltage

Zerolng Phase
FIGURE 8. Sampled-Data Comparator

\'1—(/

. I

c
Vg —Vg = (Vz-Vi)m
=A

Cc+cs [Gva~Cvi)
*Vo' s dependent on V2~ V1

DSO0GE1-13

wWo =

Compare Phase
FIGURE 7, Sampled-Data Comparator

L

° T Ci+Cz+0s
—A

“Ci+cz+Cg

[C1{vz—V1)+Capvd — w3l

[AQcy + AQc2)

Cr3005501.45

FIGURE 8. ADC0820 Comparator (from MS Flash ADC)

1.3 ARCHITECTURE

In the ADC0820, one bank of 15 comparators is used in each
4-bit flash A/D converter (Figure 12), The MS {most signifi-
cant) flash ADC also has one addilional comparator to detect
input overrange. These two sets of comparators operate al-
temnately, with one group In its zeroing ¢ycle while the other
is comparing.

When a typlcal conversion is started, the WR fine |s brought
low. At this Instant the MS comparators go from zeroing to
comparison mode (Figura 11). When WR is retumed high

after at least 600 ns, the output from the first set of compara-
tors (the first flash) Is decoded and latched. At this point the
two 4-bit conwerters change modes and the LS ({least signffi-
cant} flash ADC enters its compare cycle. No less than 600
ns {ater, the RD line may be pulled low to latch the lower 4
data bits and finish the 8-bit conversion. When RD goes Jow,
the flash A/Ds change state once agaln in preparation for the
next conversion.

Figure 71 also outlines how the converter's Interface timing
relates to Its analog input (V). In WR-RD mode, V| s mea-

www.national.com
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1.0 Functional Description (continued)

sured while WR Is iow. In RD mode, sampling occurs during
the first 800 ns of RD. Because of the input connections to
the ADC0820's LS and MS comparators, the converter has
the ability to sample V,,, at one instant {Section 2.4), despite
the fact that two separate 4-bit conversions are being done.
More specifically, when WR is low the MS flash iz in compare
mode (connected to V), and the LS flash is in zero mode
(also connected to V). Therefore both flash ADCs sample
V) 8l the same time.

1.4 DIGITAL INTERFACE

The ADCO820 has two basic Interface modes which are se-
lected by strapping the MODE pin high or low.

RD Mode

With the MODE pin grounded, the converler is sel 1o Read
mode. In this configuration, a complete conversion is done
by puiling RD low until output data appears. An INT line s
provided which goes low at the end of the conversion as well
as a RDY output which can ba used to signal a processor
that the converter is busy or can also serve as a system
Transfer Acknowledge signal.

RD Mode (Pin 7 is Low)

AN

DS005501-18

When in RD mode, the comparater phases are internally trig-
gered. At fhe falling edge of RD, the M5 flash converter goes
from zero to compare mode and the LS ADGC’s comparators
enler their 2ero cycle. After 800 ns, data from the MS flash is
latiched and the LS flash ADC enters compare mode. Follow-
ing another 800 ns, the lower 4 bits are recovered.

WR then RD Mode

With the MODE pin tied high, the A/D will be set up for the
WR-RD mode. Here, a conversion is started with the WR In-
put; however, there are two options for reading the outpul
data which relate to Interface timing. {f an interrupt driven
scheme Is desired, the user can wait for INT to go low before
reading the conversien result {(Figure 10). INT will typteally
go low 800 ns after WR's rising edge. However, If a shorter

conversion time is desired, the processor need not wait for
INT and can exercise a read after onty 600 ns (Figure 9). If
this is done, INT will immediately go low and data will appear
at the oulputs,

s\ /\ /

0900550197
FIGURE 9. WR-RD Mods (Pin 7 Is High and ty,<t)

2 e W\ Vo
«\_/ \Y
" e\
w Ay o5
e S

DBO03501-18

FIGURE 10. WR-RD Modae (PIn 7 Is High and tpp>t)

Stand-Alone

For stand-alone operation In WR-RD mode, CS and RD <an
be tied low and a conversion can be started with WR. Data -
will be valid approximately 800 ns following WR's rising
edge.

WR-RD Mode (Pin T is High} Stand-Alone Operation
TTiow
Kb Low

11
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1.0 Functional Description (continued)

* W3 COMPARATORS ZERD
TO REFERENCE LADDER.

* LS COMPARRTORS FLOAT.

o NS COMPARATORS COMPARE
Viu TO THEIR REFERENCE
LADDER TAP, THE COMPARATOR
CQUTPUTS DIGITALLY TRACK
Visl-¥LADOEN Tap

* L5 COMPARATORS ZERD TO
Yin. THE COMPARATOR'S
INPUT CAPACITORS TRACK Vi

Neote: MS means most significant
LS means least significant

OTHER INTERFACE CONSIDERATIONS

In order to rmalntain conversion accuracy, WR has a maxi-
mum width spec of 50 ps. When the MS flash ADC's
sampled-data comparators (Section 1.2) are in comparison
mode (WR is low), the input capacitors (C, Figure 8) must
hold their charge, Switch leakage and inverter bias current
can cause errors if the comparator ks lefi in this phase for too
long.

I 00 ns

* M5 COMPARATOR QUTPUTS
ARE LATCHED, THE MS
DAL IS SET. THE MS
COMPARATOR FLDATS,

LADDEA.

-

* L3 COMPARATORS COMPARE

* LS COMPARATOR QUTPUTS
ARE LATCHED AND CAM
BE READ.

* M5 COMPARATORS RETURN
T0 ZERO MODE.

LS8 SECTKIN OF REFERENCE

FIGURE 11. Operating Sequence (WR-RD Mode)

DSDOS501-2¢0

Since the MS flash ADC enters its zeroing phase at the end
of a conversicn (Section 1.3), a new conversion cannot be
staried until this phase is complete. The minimum spec for
this time (i, Figures 2, 3, 4, 5)is 500 ns.

www.national,com
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Detailed Block Diagram
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2.0 Analog Considerations

2.1 REFERENCE AND INPUT

The two Ve inputs of the ADC0820 are fully differential and
define the zero to full-scale Input range of the A to D con-
verter. This allows the designer to easlly vary the span of the
analog input since this range will be equivalent to the vollage
difference between WVy{+) and V,{-). By reducing
Vrer(Vrer=Vaeel +)-Vrer(-)) to less than 5V, the sensitivity
of the converter can be increased (i.e., if Vrge=2V then 1
LSB=7.8 mV). The input/reference arrangement also facili-
tates ratiometric operation and in many ¢ases the chip power
supply can be used for ransducer power as well as the Vies
source.,

This reference flexibility lets the Input span not only be varied
but also offset from zero. The voliage at Vgee(-) sets the in-
put level which produces a digital output of ali zeroes.
Though V, is not itself differential, the reference design af-
fords nearly differentiat-input capability for most measure-
ment applications. Figure 1.3 shows some of the configura-
tions that are possible.

2.2 INPUT CURRENT

Due to the unique conversion techniques employed by the
ADC0820, the analog input behaves somewhat differently
than in conventiona! devices. The A/D's sampled-data com-
parators take varying amounts of input current depending on
whith cycla the converslon is in.

External Reference 2.5V Full-Scale

Power Supply as Reference

The equivalent input circult of the ADCO820 is shown in Fig-
ure 14, When a conversion starts (WR low, WR-RD mode),
all input switches tlose, connecting Vi, to thity-ona 1 pF ca-
pacitors. Although the two 4-bit ftash circuits are not both In
their compare cycle at the same time, V,, still sees all input
capacitors at once, This is because the MS flash converter is
connected to the input during its compare interval and the LS
flash is connected to the input during Its zerolng phase (Sec-
tion 1.3). In olher words, the LS ADC uses Vi as ils
zero-phase input,

The input capacitors must charge to the input voltage
through the on resistance of the analog switches {about 5 ki
fo 10 k€2). In addition, about 12 pF of input stray capacitance
must also be charged. For large source resistances, the ana-
log Input can be modeled as an RC network as shown in Fig-
tre 15, As Ry increasas, it will take longer for the input ca-
pacitance to charge.

In RD mode, the input switches are closed for approximately
800 ns at the start of the conversion. tn WR-RD mode, the
time that the switches are closed to aflow this charging is the
time that WR is low. Since other factors force this time to be
at least 600 ns, input time constants of 100 ns can be ac-
commodated without special consideration. Typical total in-
put capacitance values of 45 pF allow Rg to be 1.5 k£ with-
out lengthening WR {o give V,, more time to setle.

Input Not Referred to GND

i
Y | +) IH+ Vg [ +) 1N+ Vol (4 ) =t N4
I'ul—l—-r-m m(~)T GND L—r.un

oo = L
E REF +} ¥ e REF{ 4 } s REF( +)
bR S LM3S-25
REFI-) REF( -} o) REF| ~ |
o I =
DS o ;.
=+

* Current paih must
8tilk exist from Vin(-)
to ground
0500550123

FIGURE 13. Analog Input Options
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2.0 Analog Considerations (contnued)

= L] J— Row
u_ax_ix_oxgj
T

L ]
L]
L

15 LSB COMPARRTORS
Ron

M
TOMSE )(: I 1pF
R:LADDER . 1pF

« L
* T

16 M58 COMPARATORS

DS005501-24
FIGURE 14.

FIGURE 15.

2.3 INPUT FILTERING

It should be made clear that transients in the analog input
signal, caused by charging eurrent flowing inlo V. will not
degrade the A/D's performance in most cases, In effect the
ADCO0820 does not Jook” al the Input when these transients
occur. The comparators’ cutputs are not latched while WR is
low, so at least 600 ns will be provided to charge the ADC's
input capaciiance. It is therefore not necessary to filler ot
these transients by putting an external cap on the V), termi-
nal.

2.4 INHERENT SAMPLE-HOLD

Another benefit of the ADC0820's input mechanism is its
ability to measure a vartety of high speed signals without the
help of an axternal sample-and-hold. In a conventional SAR
type converter, regardless of its speed, the input must re-
main at least ¥ LSB stable throughout the conversion pro-
cess if full accuracy is to be maintained. Consequently, for
many high speed.signals, this signal must be externally
sampled, and held stationary during the conversion,
Sampled-data comparators, by nature of their Input switch-
ing, afready accomplish this function to a jarge degree (Sec-
fion 1.2). Although the conversion time for the ADC0820 is
1.5 ps, the time through which V,, must be 1% LSB stable is
much srnaller. Since the MS flash ADC uses V, as iis “com-
pare” input and the LS ADC uses Vi 85 Hs "zero” input, the
ADCO820 only “samples” V,, when WR Is low (Sectlons 1.3
and 2.2). Even though the two flashes are not done simulta-
neously, the analog signal is measured at one instant. The
value of V,,y approximately 100 ns after the rising edge of
WR (100 ns due to internal logle prop delay) will be the mea-
sured value.

Input signals with slew rate’s typically bélow 100 mV/ps can
be converted withoul emror. However, because of the input
tima constants, and charge injection through ihe opened
comparator input switches, faster signals may cause errors.
Still, the ADC0820's loss in accuracy for a given increase in
signal siope is far less than what would be witnessed in a
conventional successive approximation device, An SAR type
converter with a conversion time as fast as 1 ys would still
not be able to measure a 5V 1 kHz sine wave without the aid
of an external sample-and-hold. The ADC0OB20, with ne such
help, can typlcally measure 5V, 7 kHz waveforms.

15
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3.0 Typical Applications

§-Bit Resolution Configuration
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3.0 Typical Applications (continued)

Telecom A/D Converter

o Multiple Input Channels
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3.0 Typical Applications (continued)

Fast Infinite Sample-and-Hold
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3.0 Typical Applications (continued)
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Physical Dimensions inches {millimeters) unless otherwise noted

Mo hmmmmmmmmm
I3 NN
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C & )
= e = == = =1 == = fe=a = 0.200
[5.030)
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95t 13 ® u L 1“1 o100
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03100410 0.968 0.018:£0.603
TaT—10.41) 5290 pasrzooe [
MAx
SOTH ENDS 010040019
2502 0.754)
FTOA |NEY by

Hermetic Dualdn-Line Package (J)
Order Number ADC0820CCJ
NS Package Humber J20A
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Physical Dimensions inches {milimeters) unless otherwise noted (Continued)
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NS Package Number N20A
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Phys:cal Dimensions inches {milimeters) unless otherwise noted (Continued)
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION, As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

ADC0820 8-Bit High Speed yP Compatible A/D Converter with Track/Hold Function

systems which, (a) are intended for surgical implant
info the body, or (b) support or sustain life, and
whose failure to perforrm when properly used in
accordance with instructions for use provided in the
labseling, can be reasonably expected to result in a
significant injury to the user.

support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.
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&National Semiconductor

DAC0808
8-Bit D/A Converter

General Description

The DACO808 is an 8-bit monalithic digital-to-analog con-
verter (DAC) featuring a full scale output current settling time
of 150 ns while dissipating only 33 m\W with 5V supplies.
No reference current (lgeg) lrimming is required for most
applications since the full scale output current is typically 1
LSB of 255 lzep/256. Relative accuracies of better than
+0.19% assure 8-bit monotonicity and linearity while zero
level output current of less than 4 pA provides 8-bil zero
accuracy for lpge22 mA, The power supply currents of the
DACO0808 is independent of bit codes, and exhibits essen-
tially constant device characteristics over the enfire supply
voltage range.

The DACOB08 will interface directly with popular TTL, DTLor
CMOS legic levels, and is a direct replacement for the
MC1508/MC1408. For higher speed applications, see
DACO0800 data sheet.

May 1999

Features

= Relative accuracy: *0.19% error maximurm

® Full scale current match: £1 LSB typ

m Fast settfing time: 150 ns typ

= Noninverting digital inputs are TTL and CMOS
compatible

High speed muttiplying input slew rate: 8 mA/ps
Power supply voltage range: £4 5V lo £+18Vv
Low power consumption: 33 mwW @ 15v

Block and Connection Diagrams

L)
LA § M

§9%3%

158

A A§ AT AB

R T

RANGE
CONTRAOL

-—

CURRENT SWITCHES ‘I—O o

EEENERE {
r R-ZR LADDER I BIAS C!RCUIL}-—O (1113
] |
(PEFeIR] NPN CURRENT Yoo
SOURCE PAIR
VREF|-} O
AEFERENCE peeD) COMPEN
CURRENT AP
Vg
DS005687-1
Dual-n-Line Package
WE (NOTE 2} =) U icommnun
oxn =4 2\'rm'l-i
Ver = -"-Vnsrm
4 11
fa-— DACHN —Vee
(] ] AI—’ -I-z-ll Lsa
:I.ZL -'-I-ll'
AJ—, LAS
PPl LI
DS005887-2
Top View
Order Number DAC0808
See NS Package M16A or N16A
© 2001 National Semiconductor Corporation DS005687 www.niational.com
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DAC(808

COMPENSATION —]
NC (ROTE 2)—]

Ordering Information

Block and Connection Diagrams (Continued)

Small-Outline Package

CEIEEEI LT
I
=
-

16=—48 LS8
15—AT

9p— 41 usH

DS005687.13

ACCURAGY OPERATING
TEMPERATURE RANGE N PACKAGE (N16A} SO PACKAGE

(Note 1) (M16A)
8-bit 0°C<T,2+75'C DACOBOBLCN | MC1408P8 DACOBOSLCM

Note 1; Devices may be ordered by using either order number.
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Absolute Maximum Ratings {Note 2) Storage Temperature Range -65'C to +150°C
If Military/Aerospace specified devices are required, Lead Temp. (Scidering, 10 seconds)
please contact the National Semiconductor Sales Office/ Dual-In-Line Package (Plastic) 260°C
Distributors for availability and specifications. Dual-In-Line Package (Ceramic) 300 C
Power Supply Voltage Surface Mount Package
Vee +18 Voe Vapor Phase {60 seconds) 215°C
Vee -18 Ve Infrared (18 seconds) 220°C
Digital tnput Voltage, V5-V12 =10 Vg to +1B Vv, R .
Applied Qutput VoS:tage, Vo ~11 sz to +18 VZZ operatlng Ratmgs
Reference Current, {44 5 mA Temperature Range ’ Toam € Ta € Tran
Reference Amplifier Inputs, V14, V15 Vee. Ve DACOS08 D €T, € +75'C
Power Dissipation (Note 4} 1000 mW
ESD Susceptibility {Note 5} TBD
Electrical Characteristics
{(Veg = 8V, Vee = ~15 Vpe, Vree/R14 = 2 mA, and all digital inputs at high logic level unless ctherwise noted.)
Symbol Parameter Conditions Min Typ Max Units
E, Relative Accuracy (Error Relative {Figure 4) Yo
to Full Scale Ig)
DACO808LC (LM1408-8) 019 %
Settling Time to Within 2 LSB T,=25'C {Note 7), 150 ns
{Includes tp ) {Figure 5)
toLn: tpHL Propagation Delay Time T, = 25°'C, (Figure 5) 30 100 ns
TClg Qutput Full Scale Current Drift 120 ppmyC
MSH Digital Input Logic Levels (Figure 3) ’
Vin High Level, Logic “1” 2 Voe
Vie Low Level, Logic 0" 0.8 Vpe
MSB Digital Input Current {Figure 3)
High Level Vg =8V 0 0.040 mA
Low Level V= 0.8V -0.003 -0.8 mA
lis Reference input Bias Current {Figure 3) -1 -3 pA
Qutput Current Range {Figure 3)
Veg = =5V 0 2.0 21 mA
Vee = ~15V, T, = 25°C 0 2.0 42 mA
lo Qutput Current Vaer = 2.000V,
R14 = 10004,
(Figure 3} 19 1.99 2.1 mA
Cutput Current, All Bits Low {Figure 3) 0 4 HA
Output Voltage Compliance {Note 3) E, $0.19%, Ta = 25°C
Vigg=—5V, Igge=1 mA -0.55, +0.4 Voe
Vee Below -10V -5.0, +0.4 Voe
SRlger Reference Current Stew Rate (Figure 6) 4 8 mA/us
Qutput Current Power Supply -5V £ Vg < -16.5V 0.05 27 uAN
Sensitivity
Power Supply Current (All Bits {Figure 3)
Low)
lee 2.3 22 mA
lee -4.3 -13 mA
Power Supply Voltage Range T, = 25°C, (Figure 3)
Vee 45 5.0 55 Voe
Ver -4.5 -15 -16.5 Ve
Power Dissipation

www.national.com
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DAC0808

Electrical Characteristics (Continued)

(Vee = 8V, Vge = =15 Ve, Vree/R14 = 2 mA, and all digital inputs at high fogic level unless otherwise noted.)

Symbot Parameter Conditions Min Typ Max Units
Alt Bits Low Ve = 5V, Ve = -5V 33 170 mw

Vee = 5V, Ve = —15V 106 305 mw

All Bits High Vee = 16V, Vge = -5V 90 miw

Vee * 15V, Ve = —15V 160 mw

Note 5:
Note 6

Hota 7: All bits swilched.

Veg = SV

Logic input Current vs
Input Voltage

N W S0
usy aqo—'- p=Om——AAAme——O 1109V * YyeF
A2 Do -
1 15
3] 0—; TO—"VW—T]- Y
A
BIGITAL MO—1 pacom [ = VWhe
INPUTS A5 Oenie
™ o.:%l Lo onan BN
A1 O—y
1§ ¥
ol -ﬂj_ o afreut
i 1 (P
Vg * -8V
050058873

Nate 8: Pin-out numbers for lhe DALGSOX represent the dual-in-line package The small outline package pinoul differs from tha dual-indine package.

Typical Application

Vamiov (&422+, 22
© 2 & 256
D5005687-23

FIGURE 1. +10V Qutput Digital to Analog Converter (Note 8)

Typical Performance Characteristics v.. = V. Vee =

Bit Transfer Characteristics

Al THROUGH A3

Iy - LAGIC INPUT CURRENT LA
-

14
T 12
£
- 1
=
&

c 08

=2

L=

5 06

o

5

= 4

1

2 o2
L]

—12~10-8-6-4-207 4 5. B1012141618
v - LOGIC INPUT VOLTAGE (V)

DE00568T-14

]
» ¢ 1 F
Ia=2mA
al
IH
Al
L s
— A3 f
e
11 -

~12-10-8-6-4-20 Z 4 & 0 1012141612

Vi - LOGIE INPUT VOLTAGE (V)
OS005687-15

-15v, T, = 25°C, unless otherwise noted

Logic Threshold Voltage vs
Temperature

V7 - LOGIC THRESHOLD VOLTAGE (Vpg)

2
18
16
1.4
12

L]
LR
0.6
0.4
6.2

Notg 2: Absolute Maximum Raiings indicale limits beyond which damage lo ihe device may occur. DC and AC electrical specifications do not apply when operaling
the device beyond its specified operating condilions.

Note 3: Range control is not required.
Note 4: The maximum power dissipation mus! be derated at elevated temperatures and is dictated by T jpax. 044, and the ambiend temperature, Ta. The maximum
allowable power dissipation at any lemperature is Pp = (T pax = Ta)84 or the pumber given in the Absclute Maixmum Ratings, whichever is lower. Far this device,

Tax = 125°C, and the lypical junction-to-ambient thermal resistance of the dual-indine J package when the board mounted is 100°C/W. For the dual-in-line N
package, this number increases to 175°C/W and for the small outfineg M package Whis number is 100°C/W.

Human body medel, 100 pf discharged through a 1.5 kil resisiorn
All current switches are lested lo guarantee at least 50% of rated current.

0
—55 ~37-19 -1 17 35 53 T1 8% 107125

T - TEMPERATURE ("C)
i

DE00568T- 18
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Typical Performance Characteristics v = sv. v = -15v, T, = 25°C, unless otherwise
noted (Continued)

Output Current vs Cutput
Voltage (Output Voltage
Compliance)

Qutput Voltage Compliance

Typical Power Supply
vs Temperature

Current vs Temperature

m
X
28 T NN AN SN AN AUL BITS HIGH OR LOW
ALL BITS “ON" 15 B s - “2ma_1
5 o ] R EN NN R
= = . ¥ —
N U AR ) NN X e
= 2 . 2 & [—ISHADED AREA INDICATESY &
o] =2 mA = b 3 & 50
T, Lo = | 1 PERMISSIBLE OUTFUT 3 g
z l €  * [7] voLTAGE RANGE FOR ] S oan
= g VEE * 15V, 114 =2 mA &
= 2 ljg=1ma g 9 ALY N & 1p
3T ENENIINY T
-] . 1} 3 20
; B ER RN g
= o4 14 =0.2ma1 NN DOTONN NN T 10
-12
o WL 1 I S0 8 so 160 180 0 P —
—18 10 -6 -2 2 6 1 14 18 TEMPERATURE (0] -5 1§
Vg - DUTPUT VOLTAGE (V) S TEMPERATURE {"C)
DS00568T-1T DS06aT-19
Typical Power Supply Typical Power Supply Reference Input
Current vs Ve Current vs V. Frequency Response
Y [atcems HIGH OR LOW | & CATLeTSHGH OR LOW ¢
g 7 Igg WITH 1= 2 mA g 7 14" 2ma i :
= & T — = & L B
£ | PN 1% 2 0 Saggit
E s Igg WITH b s 1 A g 5 5 -z P
EE 14 = 5 ¥
] it 3 E A
‘ a 2 N
> SRR st oAy
g, Igp WITH l1q = 0.2 mA j=| E w \\
S —t E 3 E -t day
= - o N,
g ! lce § 2 e 3 A
g 1 2 1 -14
0 16
0 -2 4 -6 —8-10-12-14-16-18-20 902 & 6 B 1% 17 14 16 18 20 01 03 1 3 10
Veg - NEGATIVE POWER SUPPLY {V) Ypc - POSITIVE POWER SUPPLY (V) { - FREQUENCY (MHz)
D5005687-20 DS005687-21 D50Q56a7-22

Unless otherwise specified; R14 = R15 = 1 kQ, C = 15 pF, pin 16 {0 Vee! R, = 50, pin 4 to ground.
Curve A: Large Signal Bandwidth Method of Figure 7. Vper = 2 Vp-p offset 1V above ground.
Curve B: Small Signal Bandwidth Method of Figure 7, R, = 2500, Vgee = 50 mVp-p offset 200 mY above ground.

Curve C: Large and Small Signa! Bandwidth Method of Figure 9 (no op amp, R_ = 5002), Rg = 5082, Vaer = 2V, Vg = 100 mVp-p

centered at OV.
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Test Circuits

80800vd
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b O—' “YREF
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INPETE | ag cpmmd  SERNES

DSD05E8T5

V| 8nd |4 apply lo inpuls At-AB.
The resistor tied lo pin 15 is 1o temperature compensate the bias current and may not be necessary for afl applications.

ettt —  — o — 4+ —
2 4 8 18 32 64 128 256

Vaer
wh K& —
e R14

and Ay = “17if Ay Es at high tavel
Ay = 0" If Ay Is at low lavel

Al A2 A3 A4 A5 AE6 A7 A8
lo=K +—+—=+ +

FIGURE 3. Notation Definitions Test Circuit (Note 8)
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FIGURE 4. Relative Accuracy Test Circuit (Note B)
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DAC0808

Test Circuits (Continueq)
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FIGURE 5. Transient Response and Settling Time (Note 8)
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FIGURE 6. Reference Current Slew Rate Measurement (Note 8)
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FIGURE 7. Positive Ve (Note 8)
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Test Circuits (Continued)
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FIGURE 8. Negative Vg, {(Note 8)
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AS O SERIES

Ry
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When Vg =0, l14 = 2.0 mA

VREF

13 Vg
—O Vv V=] ——— + —
& 7 ’ Ria Rs] (A)RO

0S005637-12

FIGURE 9. Programmable Gain Amplifier or
Digital Attenuator Circuit (Note 8)

Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides a voltage at pin 14 for
converting the reference voltage to a current, and a
turn-around circuit or current mirrar for feeding the ladder.
The reference amplifier input cunrrent, [,,, must always flow
into pin 14, regardless of the set-up method or reference
voltage polarity.

Connections for a positive voitage are shown in Figure 7,
The reference voltage source supplies the full current 14,

For bipolar reference signals, as in the multiplying mode,
R15 can be tied to a negative voltage corresponding to the
minimum input {evel. it is possible to eliminate R15 with only
a small sacrifice in accuracy and temperature drift,

The compensation capacitor value must be increased with
increases in R14 to maintain proper phase margin; for R14
values of 1, 2.5 and 5 k€2, minimum capacitor values are 15,
37 and 75 pF. The capacitor may be tied to either Ve or
ground. but using Ve increases negative supply rejection,
A negative refarence vollage may be used if R14 is
grounded and the reference voltage is applied to R15 as
shown in Figure 8 A high input impedance is the main

www.national.com
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DAC0808

Application Hints (continued)

advantage of this method. Compensation involves a capaci-
tor 1o Ve on pin 16, using the values of the previous
paragraph. The negative reference voltage must be af least
4V above the Vg supply. Bipolar input signals may be
handled by connecting R14 to a positive reference voltage
equal to the peak positive input level at pin 15.

When a DC reference voltage is used, capacitive bypass to
ground is recommended. The 5V logic supply is not recom-
mended as a reference voltage. If a well regulated 5V supply
which drives logic is to be used as the reference, R14 should
be decoupled by connecting it to 5V through another resistor
and bypassing the junction of the 2 resistors with 0.1 uF Lo
ground. For reference voltages greater than 5V, a clamp
diede is recommended befween pin 14 and ground.

If pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensation methods
apply and the amplifier must be heavily compensated, de-
creasing the overall bandwidth.

CQUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range of ~0.55 to 0.4V
when Ve = -5V due to the current switching methods
employed in the DACOB0S.

The negative output voltage compliance of the DACO8GS is
exlended to -5V where the negative supply voltage is mora
negative than -10V. Using a full-scale current of 1.992 mA
and load resistor of 2.5 k2 between pin 4 and ground wiil
yield a voltage output of 256 levels between 0 and -4 .980V.
Floating pin 1 does not affect the converter speed or power
dissipation. However, the value of the load resistor deter-
mines the switching time due to increased voltage swing.
Values of R, up to 500¢} do not significantly affect perfor-
mance, but a 2.5 kQ2 Ioad increases worst-case setlling time
to 1.2 ps {when all bils are switched ON). Refer to the
subsequent text section on Settling Time {or more details on
output foading.

QUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be used
only for negative supply voltages more negative than -8V,
due to the increased voltage drop across the resistors in the
reference current amplifier.

ACCURACY

Absolute accuracy is the measure of each oulput current
level with respect lo its intended value, and is depsndent
upon relative accuracy and fuli-scale current drift. Relative
accuracy is the measure of each output current level as a
fraction of the full-scale current. The relative accuracy of the
DACOD808 is essentially constant with temperature due to the
excelient temperature tracking of the monolithic resistor lad-

der. The reference current may drift with temperature. caus-
ing a change in the absolute accuracy of output current.
However, the DACO0808 has a very low full-scale current drift
with temperature,

The DACOBOE8 series is guaranteed accurate to within 1%
LSB at a full-scale output current of 1,992 mA. This comre-
sponds to a reference amplifier output current drive to the
ladder network of 2 mA, with the loss of 1 LSB (8 pA} which
is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranieed value of between 1.9 and 2.1 mA,
altowing some mismatch in the NPN current source pair. The
accuracy test circuil is shown in Figure 4, The 12-bit con-
verter is calibrated for a full-scale output current of 1.992
mA. This is an optiocnal step since the DAC0808 accuracy is
essentially the same between 1.5 and 2.5 mA. Then the
DACO0808 circuits’ full-scale current is timmed to the same
value with R14 so that a zero value appears at the error
amglifier output. The counter is activated and the error band
may ba displayed on an oscilloscope, detected by compara-
tors, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used to construct a
16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of 2% of one part in 65,536 or £0.00076%, which
is much more accurate than the £0.019% specification pro-
vided by the DAC0808.

MULTIPLYING ACCURACY

The DACO0808 may be used in the muitiplying mode with
8-bit accuracy when the reference current is varied over a
range of 256:1. If the reference current in the multiplying
mode ranges from 16 pA to 4 mA, the additional error
contributions are less than 1.6 pA. This is well within 8-bit
accuracy when referred to full-scale.

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typically. the
DACO0808 is monotonic for all vaiues of reference current
above 0.5 mA. The recommended range for operation with a
DC reference current is 0.5 to 4 mA.

SETTLING TIME

The worst-case switching condition occurs when all bits are
switched ON, which comesponds to a low-te-high transition
for all bits. This time is typically 15C ns for settling to within
+1% | SB, for B8-bit accuracy, and 100 ns to %2 LSB for 7 and
6-bit accuracy. The turn OFF is typically under 100 ns. These
times apply when R_ € 5000 and Cg € 25 pF.

Extra care must be taken in board layout since this is usually
the dominant factor in satisfactory test results when measur-
ing settling time. Short feads, 100 ¢F supply bypassing for
low frequencies, and minimum scope lead length are all
mandatory. :

www.natianal.com
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DACO0808 8-Bit D/A Converter

Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its

1. Life support devices or systems are devices or
-systems which, {(a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when propery used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

safety or effectiveness.
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